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PHLQHQ�(OWHUQ





'DQNVDJXQJ

'LH� YRUOLHJHQGH� $UEHLW� ZXUGH� YRQ� -XQL� ����� ELV� 2NWREHU� ����� LQ� GHU� $EWHLOXQJ

6WUXNWXUIRUVFKXQJ� DP� 0D[�3ODQFN�,QVWLWXW� I�U� %LRFKHPLH� LQ� 0DUWLQVULHG� XQWHU� $QOHLWXQJ� YRQ

+HUUQ�3URI��'U��5REHUW�+XEHU�GXUFKJHI�KUW�

0HLQ� EHVRQGHUHU� 'DQN� JLOW� +HUUQ� 3URI�� 'U�� 5REHUW� +XEHU� I�U� GLH� hEHUODVVXQJ� GLHVHV

LQWHUHVVDQWHQ� 7KHPDV�� VHLQH� 8QWHUVW�W]XQJ�� GLH� JHZlKUWH� )UHLKHLW� XQG� GDV� PLW� GLHVHP

YHUEXQGHQH�9HUWUDXHQ��6HLQ�DQKDOWHQGHV�,QWHUHVVH�XQG�:RKOZROOHQ�ZDUHQ�HLQH�JUR�H�+LOIH�

(LQ� EHVRQGHUHU� 'DQN� JLOW� DXFK� PHLQHQ� 0LWVWUHLWHUQ� +HUUQ� /RWKDU� *UHPHU�� )UDX� 'U�� 3HWUD

+lQ]HOPDQQ� XQG� +HUUQ� 3URI�� 'U�� 2UWZLQ� 0H\HU�� /HKUVWXKO� I�U� 0LNURELRORJLH�� 8QLYHUVLWlW

%D\UHXWK� I�U� GLH� YHUWUDXHQVYROOH�� IUHXQGVFKDIWOLFKH� XQG� DX�HURUGHQWOLFK� JXWH� =XVDPPHQDUEHLW�

,KUHP�(QJDJHPHQW�XQG�LKUHP�.|QQHQ�YHUGDQNW�GLHVH�$UEHLW�LKU�=XVWDQGHNRPPHQ�

+HUUQ� 'U�� 5HLQHU� .LHIHUVDXHU� P|FKWH� LFK� GDQNHQ� I�U� GLH� IUHXQGVFKDIWOLFKH�� DXVGDXHUQGH� XQG

HUIROJUHLFKH�=XVDPPHQDUEHLW�DQ�GHU�7UDQVIRUPDWLRQ�GHU�&2�'HK\GURJHQDVH�.ULVWDOOH�

)�U� GLH� DQJHQHKPH� =XVDPPHQDUEHLW� XQG� GLH� VWlQGLJH� (LQVDW]EHUHLWVFKDIW� GDQNH� LFK� HEHQIDOOV

+HUUQ�*OHE�%RXUHQNRY� XQG�+HUUQ�'U��+DQV� %DUWXQLN��03*�$60%�+DPEXUJ�� 6LH� KDEHQ�PLW

LKUHU� KHUYRUUDJHQG� EHWUHXWHQ� EHDPOLQH� %:��� DP� '(6<� HLQHQ� JUR�HQ� 7HLO� GHU� $UEHLW� HUVW

HUP|JOLFKW�

)�U�GLH� JHZlKUWH�+LOIH� ]XU�%HZlOWLJXQJ� WHFKQLVFKHU� XQG�E�URNUDWLVFKHU�3UREOHPH�EHGDQNH� LFK

PLFK�KHU]OLFK�EHL�+HUUQ�:HUQHU�'HUVFK�XQG�+HUUQ�2WWPDU�3DXO��VRZLH�)UDX�5HQDWH�5�OOHU�XQG

)UDX�*LQD�%HFNPDQQ��,KUH�XQYHUGURVVHQH�%HUHLWVFKDIW�GHQ�6WHLQ�LPPHU�ZLHGHU�EHUJDXI�]X�UROOHQ

LVW�I�U�PLFK�HLQ�OHXFKWHQGHV�%HLVSLHO�SUHX�LVFKHU�7XJHQGHQ�LQ�2EHUED\HUQ�

$OOHQ�KHXWLJHQ�XQG�HKHPDOLJHQ�0LWJOLHGHUQ�GHU�$EW��6WUXNWXUIRUVFKXQJ��LQVEHVRQGHUH�DEHU�*HUG

%DGHU��'U��0DUNXV�'HLEHUW��'U��/DUV�'LW]HO��6WHIDQ�(KOHUW��'U��2OLYHU�(LQVOH��'U��(ULFK�)ULWVFKH�

6WHIDQ�*HUKDUGW�� -HQV�.DLVHU�� 'U�� -|UJ�.QlEOHLQ�� 5XSHUW� /DQJ�� 'U�� 8OULFK� 5HVWHU�� 'U�� 6DQGUD

5LEHLUR�� 'U�� 6WHIDQ� 6WHLQEDFKHU� XQG�0LFKDHO�:RUEV� JLOW� PHLQ� 'DQN� I�U� GLH� IUHXQGVFKDIWOLFKH

$WPRVSKlUH�XQG�LKUH�VWlQGLJH�+LOIVEHUHLWVFKDIW�



(LQ� OLHEHYROOHU� 'DQN� DQ� %HUWD�0DULD� 'LDV� 3HUHLUD� 0DUWLQV� I�U� GLH� JHNRQQWH� (QWJHJHQVHW]XQJ

URPDQLVFKHQ�7HPSHUDPHQWV�LQ�=HLWHQ�YRQ�QRUGLVFK�VODYLVFKHU�7U�EVLQQLJNHLW�

0HLQHU�)DPLOLH��LQVEHVRQGHUH�PHLQHQ�(OWHUQ�XQG�6FKZHVWHUQ��GDQNH�LFK�I�U�GLH�IRUWZlKUHQGH

8QWHUVW�W]XQJ��GLH�EHZLHVHQH�*HGXOG�XQG�LKU�9HUWUDXHQ�
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ORRS� 3HSWLGNHWWH�RKQH�GHILQLHUWH�6HNXQGlUVWUXNWXU

0 PRODU

0$' PXOWLSOH�ZDYHOHQJWK�DQRPDORXV�GLVSHUVLRQ

0&' 0RO\EGRSWHULQ�F\WRVLQ�GLQXNOHRWLG

0*' 0RO\EGRSWHULQ�JXDQLQ�GLQXNOHRWLG

PLQ 0LQXWH

0R 0RO\EGlQ

0RFR 0RO\EGRSWHULQ�0RO\EGlQ�.RIDNWRU

037 0RO\EGRSWHULQ

1$'�3� 1LFRWLQDPLG�DGHQLQ�GLQXNOHRWLG���¶�PRQRSKRVSKDW�

1$'�3�+ 1LFRWLQDPLG�DGHQLQ�GLQXNOHRWLG���¶�PRQRSKRVSKDW���UHGX]LHUWH�)RUP

1L 1LFNHO

105 0DJQHWLVFKH�.HUQUHVRQDQ]��QXFOHDU�PDJQHWLF�UHVRQDQFH�

2 6DXHUVWRII

6 6FKZHIHO

6'6 1DUWLXPGRGHF\OVXOIDW

6H 6HOHQ

6HU 6HULQ

7DE� 7DEHOOH

7US 7U\SWRSKDQ

7\U 7\URVLQ

8 8QLW

Y�Y 9ROXPHQSUR]HQW�SUR�9ROXPHQHLQKHLW��YROXPH�SHU�YROXPH�

Z�Y *HZLFKWVSUR]HQW�SUR�9ROXPHQHLQKHLW��ZHLJKW�SHU�YROXPH�



=XVDPPHQIDVVXQJ �

=XVDPPHQIDVVXQJ

• &2�'HK\GURJHQDVHQ�NDWDO\VLHUHQ�GLH�2[LGDWLRQ�YRQ�&2�PLW�+ �2�]X�&2����+
��XQG��H���(V

VLQG� 0R�� XQG� 1L�KDOWLJH� )RUPHQ� EHNDQQW�� GLH� NHLQHUOHL� bKQOLFKNHLW� DXI� GHU� (EHQH� GHU

3ULPlUVWUXNWXU��VRZLH�LQ�GHU�=XVDPPHQVHW]XQJ�LKUHU�.RIDNWRUHQ�EHVLW]HQ�

• 0R�KDOWLJH� &2�'HK\GURJHQDVH� ZLUG� LQ� GLH� (Q]\P�)DPLOLH� GHU� 0RO\EGlQ�+\GUR[\ODVHQ

HLQJHRUGQHW� XQG� WHLOW� QHEHQ� HLQHU� DXVJHSUlJWHQ�+RPRORJLH� DXI� 3ULPlUVWUXNWXU�(EHQH� DXFK

GLH� =XVDPPHQVHW]XQJ� GHU� .RIDNWRUHQ� PLW� GHQ� PHLVWHQ� (Q]\PHQ� GLHVHU� )DPLOLH�� =X� GHQ

0RO\EGlQ�+\GUR[\ODVHQ� JHK|UHQ� HXNDU\RQWLVFKH� XQG� EDNWHULHOOH� (Q]\PH� ZLH� ;DQWKLQ�

2[LGDVH��'HK\GURJHQDVH�XQG�$OGHK\G�2[LGDVH�

• 0R�KDOWLJH�&2�'HK\GURJHQDVH�LVW�DOV�HLQ�0RO\EGR�(LVHQ�6FKZHIHO�)ODYRSURWHLQ�EHNDQQW�

• 'LH� .ULVWDOOVWUXNWXU� GHU� &2�'HK\GURJHQDVH� LVW� VRZRKO� GLH� HUVWH� 6WUXNWXU� HLQHU� &2�

'HK\GURJHQDVH�� ZLH� DXFK� GDV� HUVWH�0RO\EGR�(LVHQ�6FKZHIHO�)ODYRSURWHLQ�� GHVVHQ� 6WUXNWXU

NULVWDOORJUDSKLVFK�EHVWLPPW�ZXUGH��'LH�6WUXNWXUEHVWLPPXQJ�JHVFKDK�XQWHU�9HUZHQGXQJ�YRQ

3DWWHUVRQVXFK�� XQG� 0$'�7HFKQLNHQ�� 'LH� &KDUDNWHULVLHUXQJ� GHU� DWRPDU�QDKH� DWRPDU

DXIJHO|VWHQ�6WUXNWXUHQ�YHUZHQGHWH�GLH�.ULVWDOOWUDQVIRUPDWLRQ�DXI�GHP� IUHH�PRXQWLQJ�V\VWHP�]XU

2SWLPLHUXQJ�GHU�'LIIUDNWLRQVTXDOLWlW�GHU�.ULVWDOOH�

• 'LH�.ULVWDOOVWUXNWXU�GHU�0R�KDOWLJHQ�&2�'HK\GURJHQDVH�YRQ� 2OLJRWURSKD�FDUER[LGRYRUDQV�ZXUGH

]X� HLQHU�$XIO|VXQJ� YRQ� �����c� I�U� GDV� ���� N'D�3URWHLQ� EHVWLPPW� XQG� EHVWHKW� DXV� HLQHP

'LPHU�DXV�+HWHURWULPHUHQ��/06� ���'DEHL�WUlJW�MHGH�8QWHUHLQKHLW�HLQH�$UW�YRQ�.RIDNWRU��'LH

/�8QWHUHLQKHLW� LVW� GDV� 0RO\EGRSURWHLQ� XQG� EHKHUEHUJW� GDV� DNWLYH� =HQWUXP�� 'LH� 0�

8QWHUHLQKHLW�LVW�HLQ�)ODYRSURWHLQ��ZHOFKHV�HLQ�QLFKWNRYDOHQW�JHEXQGHQHV�)$'�0ROHN�O�WUlJW�

'LH� 6�8QWHUHLQKHLW� LVW� GDV� (LVHQ�6FKZHIHO�3URWHLQ� XQG� WUlJW� ]ZHL� VSHNWURVNRSLVFK

XQWHUVFKHLGEDUH�>�)H��6@�=HQWUHQ�

• 'DV� DNWLYH� =HQWUXP� GHU� &2�'HK\GURJHQDVH� EHVWHKW� DXV� HLQHP� QHXDUWLJHQ� &X�,��� XQG

0R��9,��,9��KDOWLJHQ� ]ZHLNHUQLJHQ� &OXVWHU�� ZHOFKHU� �EHU� HLQHQ� µ�6XOILGR�/LJDQGHQ

YHUEU�FNW� LVW�� 0R� LVW� GDEHL� YHU]HUUW� WHWUDHGULVFK� YRQ� I�QI� /LJDQGHQ� XPJHEHQ�� ZREHL� GLH

'LWKLROHQ�*UXSSH� �EHU� HLQHP� 6FKHLWHOSXQNW� GHV� 7HWUDHGHUV� VLW]W�� 1HEHQ� GHQ� EHLGHQ

'LWKLROHQ�6FKZHIHOQ�LVW�0R�YRQ�HLQHP�2[R���HLQHP�+\GUR[R��XQG�HLQHP�6XOILGR�/LJDQGHQ

XPJHEHQ��&X�,��LVW�YRP� µ�6XOILGR�/LJDQGHQ�XQG�6 γ�YRQ�&\V�����YHU]HUUW� OLQHDU�NRRUGLQLHUW�

'LHVHU� PLW� 0$'�0HWKRGHQ� HQWGHFNWH� &OXVWHU� LVW� GHU� HUVWH� EHNDQQWH� 0R�� XQG� &X�KDOWLJH

&OXVWHU� LQ� HLQHP� (Q]\P� XQG� ZLGHUVSULFKW� GHU� %H]HLFKQXQJ� GHU� 0RO\EGRSWHULQ�KDOWLJHQ

(Q]\PH�DOV�PRQRQXFOHDU�PRO\EGHQXP� HQ]\PHV��ZHOFKH�]XU�$EJUHQ]XQJ�JHJHQ�GLH�PHKUNHUQLJHQ

0R�KDOWLJHQ�1LWURJHQDVHQ�JHZlKOW�ZXUGH� �+LOOH�������
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• .ULVWDOORJUDSKLVFKH� 6WXGLHQ� ]XP� 5HDNWLRQVPHFKDQLVPXV� GLHVHV� &OXVWHUV� EHLQKDOWHQ� GLH

&KDUDNWHULVLHUXQJ�GHU�R[LGLHUWHQ��GHU�DQR[LVFK�&2���+ ���XQG�'LWKLRQLW�UHGX]LHUWHQ��GHU�&1
��

LQDNWLYLHUWHQ� XQG� GHU� Q�%XW\OLVRQLWULO��Q%,&��JHEXQGHQHQ� )RUPHQ� GHV� (Q]\PV� EHL

$XIO|VXQJHQ�LP�DWRPDUHQ�XQG�QDKH�DWRPDUHQ�%HUHLFK�

• (LQ�DXI�GHU�%DVLV�GLHVHU�(UJHEQLVVH�HQWZLFNHOWHU�5HDNWLRQVPHFKDQLVPXV�EDVLHUW�DX�HUGHP�DXI

GHU� $QDORJLH� GHV� Q%,&�JHEXQGHQ� =XVWDQGHV� PLW� HLQHP� P|JOLFKHQ� ,QWHUPHGLDW� GHU� &2

2[LGDWLRQ�� VRZLH� GHU� EHNDQQWHQ� &KHPLH� YRQ�&X�,��.RPSOH[HQ��'DEHL� ILQGHW� GLH� %LQGXQJ

XQG�$NWLYLHUXQJ�GHV�6XEVWUDWV�&2�DP�VXEVWLWXWLRQVODELOHQ�&X�,��.RPSOH[�VWDWW��XQG�I�KUW�]XU

gIIQXQJ� GHV� &OXVWHUV�� 'LHVH� gIIQXQJ� UHVXOWLHUW� LQ� HLQHU� 'HVWDELOLVLHUXQJ� GHV� R[LGLHUWHQ

0R��9,�� PLW� IROJHQGHU� 5HGXNWLRQ� GHV� 0R� XQG� GHU� $XVELOGXQJ� HLQHU� ÅVSHFWDWRU�R[R´�

'UHLIDFKELQGXQJ�DP�0R�

• 'HU�HQWZRUIHQHQH�5HDNWLRQVPHFKDQLVPXV�NDQQ�HEHQIDOOV�GLH�$NWLYLHUXQJ�XQG�2[LGDWLRQ�YRQ

+��DP�>&X0R@�&OXVWHU�HUNOlUHQ�

• $XIJUXQG�GHU�KRKHQ�.RQVHUYLHUXQJ�GHU�GLUHNWHQ�0R�8PJHEXQJ�HUVFKHLQW�HV�ZDKUVFKHLQOLFK�

GD�� DXFK� DQGHUH�0LWJOLHGHU� GHU�0RO\EGlQ�+\GUR[\ODVH�)DPLOLH� GLH� 'HVWDELOLVLHUXQJ�� VRZLH

GLH� $XVELOGXQJ� HLQHV� ÅVSHFWDWRU� R[R´�/LJDQGHQ� ]XU� 6WDELOLVLHUXQJ� GHV� hEHUJDQJV]XVWDQGHV

QXW]HQ�ZHUGHQ�

• 1HEHQ� GHU� 6WUXNWXU� GHU� &2�'HK\GURJHQDVH� YRQ� 2�� FDUER[LGRYRUDQV� ZXUGH� HEHQIDOOV� GLH

6WUXNWXU� GHV� (Q]\PV� DXV� +\GURJHQRSKDJD� SVHXGRIODYD� EHVWLPPW�� 'LH� XQWHU� 0R�0DQJHO� LP

:DFKVWXPVPHGLXP�YRQ� +�� SVHXGRIODYD� V\QWKHWLVLHUWH� LQDNWLYH�&2�'HK\GURJHQDVH� EHLQKDOWHW

VWDWW� GHV� 0RO\EGRSWHULQ�&\WRVLQ�'LQXNOHRWLG� .RIDNWRUV� �0&'�� QXU� &\WRVLQ�'LSKRVSKDW�

$NWLYH� XQG� LQDNWLYH� 6WUXNWXU� ZXUGHQ� NULVWDOORJUDSKLVFK� ]X� $XIO|VXQJHQ� YRQ� ���������� c

EHVWLPPW�� 'LH� 0R�HQWKDOWHQGHQ� )RUPHQ� GHU� &2�'HK\GURJHQDVH�6WUXNWXUHQ� DXV� EHLGHQ

2UJDQLVPHQ�VLQG�VLFK�VHKU�lKQOLFK�

7HLOH�GLHVHU�$UEHLW�ZXUGHQ�YHU|IIHQWOLFKW�E]Z��VLQG�]XU�9HU|IIHQWOLFKXQJ�YRUEHUHLWHW�

'REEHN��+���/��*UHPHU��2��0H\HU��5��+XEHU���������´&U\VWDO�VWUXFWXUH�DQG�PHFKDQLVP�RI�&2�
'HK\GURJHQDVH�� D� PRO\EGR� LURQ�VXOIXU� IODYRSURWHLQ� FRQWDLQLQJ� 6�VHODQ\OF\VWHLQH�µ� 3URF�� 1DW�
$FDG��6F��86$����������������

'REEHN��+���/��*UHPHU��2��0H\HU��5��+XEHU��������´�&U\VWDO�VWUXFWXUH�RI�&2�GHK\GURJHQDVH��D
PRO\EGR�LURQ�VXOIXU�IODYRSURWHLQ�FRQWDLQLQJ�6�VHODQ\OF\VWHLQH�´� -��,QRUJ��%LRFKHP����������

'REEHN�� +�� /�� *UHPHU�� 5�� .LHIHUVDXHU�� 2��0H\HU�� 5�� +XEHU�� ´)XQFWLRQDO� DUFKLWHFWXUH� RI� WKH
QRYHO�ELQXFOHDU�>&X0R@�FOXVWHU�LQ�&2�'HK\GURJHQDVH�DW�����c�UHVROXWLRQµ�LQ�SUHSDUDWLRQ�

'REEHN��+���/��*UHPHU��2��0H\HU��5��+XEHU��´&DUERQ�0RQR[LGH�'HK\GURJHQDVHµ� +DQGERRN�RI
0HWDOORSURWHLQV �� HG��.��:LHJKDUGW��5��+XEHU��7�/��3RXORV�	�$��0HVVHUVFKPLGW�� -RKQ�:LOH\�	
6RQV��LQ�SUHVV�



=XVDPPHQIDVVXQJ �

*UHPHU��/���6��.HOOQHU��+��'REEHN��5��+XEHU��2��0H\HU� ��������$�QHZ� W\SH�RI� IODYLQ� DGHQLQH
GLQXFOHRWLGH�ELQGLQJ� UHVROYHG� LQ� WKH� PRO\EGR� LURQ�VXOIXU�IODYRSURWHLQ� &DUERQ� 0RQR[LGH
'HK\GURJHQDVH�IURP� 2OLJRWURSKD� FDUER[LGRYRUDQV��)ODYLQV�XQG�)ODYRSURWHLQV�������3URFHHGLQJV�RI
WKH� WKLUWHHQWK� LQWHUQDWLRQDO� V\PSRVLXP� .RQVWDQ]�� *HUPDQ\ �� 6�� *KLVOD�� 3�� .URQHFN�� 3�
0DFKHURX[�XQG�+��6XQG��%HUOLQ��$JHQF\�IRU�VFLHQWLILF�SXEOLFDWLRQV ����������

*UHPHU�� /��� 6��.HOOQHU��+��'REEHN�� 5�� +XEHU��2��0H\HU� �������� ´%LQGLQJ� RI� )ODYLQ� $GHQLQH
'LQXFOHRWLGH� WR� 0RO\EGHQXP�&RQWDLQLQJ� &DUERQ� 0RQR[LGH� 'HK\GURJHQDVH� IURP� 2OLJRWURSKD
FDUER[LGRYRUDQV�µ�-��%LRO��&KHP��������������������

+lQ]HOPDQQ��3���+��'REEHN��/��*UHPHU��5��+XEHU��2��0H\HU���������´7KH�(IIHFW�RI�,QWUDFHOOXODU
0RO\EGHQXP�LQ�+\GURJHQRSKDJD�SVHXGRIODYD�RQ�WKH�&U\VWDOORJUDSKLF�6WUXFWXUH�RI�WKH�6HOHQR�
0RO\EGR�,URQ�6XOIXU�)ODYRHQ]\PH�&DUERQ�0RQR[LGH�'HK\GURJHQDVH��µ� -��0RO��%LRO���������
����������

.LHIHUVDXHU��5���0��(��7KDQ��+��'REEHN��/��*UHPHU��0��0HOHUR��6��6WUREO��-��0��'LDV��7�
6RXOLPDQH��5��+XEHU���������´$�QRYHO�IUHH�PRXQWLQJ�V\VWHP�IRU�SURWHLQ�FU\VWDOV��WUDQVIRUPDWLRQ
DQG�LPSURYHPHQW�RI�GLIIUDFWLRQ�SRZHU�E\�DFFXUDWHO\�FRQWUROOHG�KXPLGLW\�FKDQJHV�µ� -��RI�$SSO�
&U\VWDO����������������



�

6XPPDU\

• &2�GHK\GURJHQDVH�FDWDO\]HV�WKH�R[LGDWLRQ�RI�&2�ZLWK�+ �2�\LHOGLQJ�&2����+
��XQG���H���0R�

XQG� 1L�FRQWDLQLQJ� VSHFLHV� DUH� NQRZQ� XQG� VKRZ� QR� UHVHPEODQFH� LQ� WKHLU� DPLQR� DFLG

VHTXHQFHV�RU�FRIDFWRU�FRPSRVLWLRQ�

• 0R�FRQWDLQLQJ�&2�GHK\GURJHQDVH�KDV�EHHQ�JURXSHG� LQ� WKH�HQ]\PH�IDPLO\�RI�PRO\EGHQXP

K\GUR[\ODVHV� XQG� H[KLELWV� LQ� DGGLWLRQ� WR� D� PDUNHG� VHTXHQFH� KRPRORJ\�� DOVR� D� FRPPRQ

FRIDFWRU�FRPSRVLWLRQ�ZLWK�PRVW�RI�WKHVH�HQ]\PHV��7KH�IDPLO\�RI�PRO\EGHQXP�K\GUR[\ODVHV

FRPSULVHV�HX��XQG�SURNDU\RWLF�HQ]\PHV�OLNH�[DQWKLQH�R[LGDVHV�GHK\GURJHQDVHV�XQG�DOGHK\GH

R[LGDVH�

• 0R�FRQWDLQLQJ�&2�GHK\GURJHQDVHV�DUH�NQRZQ�DV�PRO\EGR�LURQ�VXOIXU�IODYRSURWHLQV

• 7KH� GHWHUPLQHG� FU\VWDO� VWUXFWXUH� RI� WKH� 0R�FRQWDLQLQJ� &2�GHK\GURJHQDVH� LV� WKH� ILUVW

VWUXFWXUH� RI� D� &2�GHK\GURJHQDVH� DV� ZHOO� DV� WKH� ILUVW� VWUXFWXUH� RI� D� PRO\EGR�LURQ�VXOIXU�

IODYRSURWHLQ��7KH�VWUXFWXUH�KDV�EHHQ�GHWHUPLQHG�HPSOR\LQJ�3DWWHUVRQ�VHDUFK�WHFKQLTXHV�XQG

0$'�WHFKQLTXHV��7KH�FKDUDFWHUL]DWLRQ�RI�WKH�DWRPLFDO�QHDU�DWRPLFDO�UHVROYHG�VWUXFWXUHV�KDV

EHHQ� HQDEOHG� WKURXJK� FU\VWDO� WUDQVIRUPDWLRQ� RQ� WKH� IUHH�PRXQWLQJ� V\VWHP� IRU� WKH

RSWLPL]DWLRQ�RI�GLIIUDFWLRQ�TXDOLW\�

• 7KH�FU\VWDO�VWUXFWXUH�RI�WKH�0R�FRQWDLQLQJ�&2�GHK\GURJHQDVH�IURP� 2OLJRWURSKD�FDUER[LGRYRUDQV

KDV�EHHQ�GHWHUPLQHG�WR�D�UHVROXWLRQ�RI������c�IRU�WKH�����N'D�HQ]\PH�XQG�LV�EXLOW�XS�E\�D

GLPHU�RI�KHWHURWULPHUV��/06� ���(DFK�VXEXQLW�FDUULHV�RQH�W\SH�RI�FRIDFWRU��7KH�/�VXEXQLW� LV

WKH�PRO\EGRSURWHLQ�XQG�KDUERXUV�WKH�DFWLYH�VLWH��7KH�0�VXEXQLW�LV�WKH�IODYRSURWHLQ��FDUU\LQJ

D�QRQ�FRYDOHQWO\�ERXQG�)$'�PROHFXOH��7KH�6�VXEXQLW� LV�WKH�LURQ�VXOIXU�SURWHLQ�XQG�FDUULHV

WZR�VSHFWURVFRSLFDOO\�GLVWLQJXLVKDEOH�>�)H��6@�&OXVWHUV�

• 7KH� DFWLYH� VLWH� RI� &2�GHK\GURJHQDVH� FRQVLVWV� RI� D� QRYHO� &X�,��� XQG� 0R��9,��,9��

FRQWDLQLQJ�ELQXFOHDU�FOXVWHU��EULGJHG�E\�D� µ�VXOILGR�OLJDQG��7KH�ILYH�OLJDQGV�DURXQG�0R�IRUP

D�GLVWRUWHG�WHWUDKHGUDO�JHRPHWU\�ZLWK�WKH�GLWKLROHQH�VXOIXUV�VWUDGGOLQJ�RYHU�RQH�YHUWH[�RI�WKH

WHWUDKHGURQ�� ,Q� DGGLWLRQ� WR� WKH� WZR� GLWKLROHQH� VXOIXUV�� 0R� LV� OLJDWHG� E\� RQH� R[R��� RQH

K\GUR[R�� XQG� RQH� VXOILGR�OLJDQG�� &X�,�� LV� FRRUGLQDWHG� E\� WZR� OLJDQGV� LQ� D� GLVWRUWHG� OLQHDU

JHRPHWU\��WKH�µ�VXOILGR�OLJDQG�XQG�6 γ�RI�&\V������7KH�FOXVWHU�KDV�EHHQ�GLVFRYHUHG�E\�0$'

PHWKRGV�XQG� LV� WKH� ILUVW�0R��XQG�&X�FRQWDLQLQJ� FOXVWHU� IRXQG� LQ� DQ� HQ]\PH�� ,WV� H[LVWHQFH

FRQWUDGLFWV� D� FHQWUDO� GRJPD�RI�PRO\EGRSWHULQ� FRQWDLQLQJ� HQ]\PHV�� UHIOHFWHG� LQ� WKHLU� QDPH

PRQRQXFOHDU� PRO\EGHQXP� HQ]\PHV� LQ� FRQWUDVW� WR� WKH� SRO\QXFOHDU� 0R�FRQWDLQLQJ� QLWURJHQDVHV

�+LOOH�������



6XPPDU\ �

• &U\VWDOORJUDSKLF� VWXGLHV� RQ� WKH� UHDFWLRQ� PHFKDQLVP� RI� &2� R[LGDWLRQ� FRPSULVHV� WKH

FKDUDFWHUL]DWLRQ� RI� WKH� R[LGL]HG�� DQR[\JHQLFDOO\� &2��� + ��� XQG� GLWKLRQLWH� UHGXFHG�� &1
��

LQDFWLYDWHG� XQG� DQ� Q�EXW\OLVRQLWULO� �Q%,&�� ERXQG� VWDWH� RI� WKH� HQ]\PH� DW� UHVROXWLRQV� LQ� WKH

DWRPLF�QHDU�DWRPLF�UDQJH�

• $� UHDFWLRQ� PHFKDQLVP� GHYHORSHG� RQ� WKH� EDVLV� RI� WKHVH� UHVXOWV� LV� EDVHG� RQ� WKH� DQDORJ\

EHWZHHQ�WKH�Q%,&�ERXQG�VWDWH�XQG�D�SRVVLEOH�LQWHUPHGLDWH�RI�&2�R[LGDWLRQ��DV�ZHOO�DV�RQ�WKH

NQRZQ�FKHPLVWU\�RI�&X�,��FRPSOH[HV��%LQGLQJ�XQG�DFWLYDWLRQ�RI�WKH�VXEVWUDWH�RFFXUV�DW� WKH

VXEVWLWXWLRQ�ODELOH�&X�,��FRPSOH[��OHDGLQJ�WR�WKH�RSHQLQJ�RI�WKH�FOXVWHU��7KLV�RSHQLQJ�UHVXOWV

LQ� WKH� GHVWDELOL]DWLRQ� RI� R[LGL]HG�0R��9,�� ZLWK� WKH� VXEVHTXHQW� UHGXFWLRQ� RI�0R� XQG� WKH

IRUPDWLRQ�RI�D�ÅVSHFWDWRU�R[R´�WULSOH�ERQG�DW�0R�

• 7KLV�UHDFWLRQ�PHFKDQLVP�FDQ�DOVR�H[SODLQ�WKH�DFWLYDWLRQ�XQG�R[LGDWLRQ�RI�+ ��DW�WKH�>&X0R@

FOXVWHU�

• %HFDXVH�RI�WKH�UHPDUNDEOH�FRQVHUYDWLRQ�RI�WKH�GLUHFW�0R�HQYLURQPHQW�LW�DSSHDUV�OLNHO\��WKDW

WKH�GHVWDELOL]DWLRQ�RI�R[LGL]HG�0R� WRJHWKHU�ZLWK� WKH� IRUPDWLRQ� RI� D� ÅVSHFWDWRU� R[R´� WULSOH

ERQG�IRU�WKH�VWDELOL]DWLRQ�RI�WKH�UHDFWLRQ�LQWHUPHGLDWH�LV�DOVR�XVHG�E\�RWKHU�PHPEHUV�RI�WKH

PRO\EGHQXP�K\GUR[\ODVH�IDPLO\�

• ,Q� FDVHV� RI� 0R�VKRUWDJH� RU� �GHSOHWLRQ� LQ� WKH� JURZWK� PHGLD� +\GURJHQRSKDJD� SVHXGRIODYD

V\QWKHVL]HV� DQ� LQDFWLYH� &2�GHK\GURJHQDVH� FRQWDLQLQJ� F\WRVLQ� GLSKRVSKDW� LQVWHDG� RI� WKH

PRO\EGRSWHULQ�F\WRVLQ� GLQXFOHRWLG� FRIDFWRU�� ZKLFK� KDV� EHHQ� GHWHUPLQHG� E\� ;�UD\

FU\VWDOORJUDSK\� WRJHWKHU� ZLWK� WKH� DFWLYH� IRUP�� 7KH� 0R�FRQWDLQLQJ� VWUXFWXUHV� RI� WKH� WZR

FDUER[LGRWURSKLF�EDFWHULD�DUH�KLJKO\�VLPLODU�



��

(LQOHLWXQJ

0RO\EGRHQ]\PH

0RO\EGlQ� LVW� GDV� HLQ]LJH� (OHPHQW� GHU� ]ZHLWHQ� ��G��hEHUJDQJVUHLKH� GHV� 3HULRGHQV\VWHPV� PLW

EHNDQQWHU�ELRORJLVFKHU�)XQNWLRQ��'LHV�HUNOlUW� VLFK�DXV�VHLQHU�JXWHQ�%LRYHUI�JEDUNHLW�� VRZLH�DXV

VHLQHU�(LJQXQJ�]XU�=ZHLHOHNWURQHQ�5HGXNWLRQ��2EZRKO� LQ�GHU�(UGNUXVWH�VHOWHQ�DQ]XWUHIIHQ�� LVW

0R� LQ�VHLQHU�VWDELOVWHQ�� VHFKVZHUWLJHQ�)RUP�DOV�0RO\EGDW��9,��EHL�S+��� LQ�:DVVHU�JXW� O|VOLFK

�.DLP�XQG�6FKZHGHUVNL������ ��'LH�2[RPHWDOODWH�GHV�VFKZHUHUHQ�+RPRORJHQ�:ROIUDP��ZLH�DXFK

GLH�2[LGH�GHU�OLQNV�YRP�0RO\EGlQ�LP�3HULRGHQV\VWHP�VWHKHQGHQ�1LRE��7DQWDO��=LUFRQLXP�XQG

+DIQLXP� VLQG� GDJHJHQ� EHL� S+� �� NDXP� O|VOLFK�� 'HU� 7HQGHQ]� YRQ� 0RO\EGlQ�� EHL� QLHGULJHUHQ

2[LGDWLRQVVWXIHQ� DOV� �9,� LQ� ZlVVULJHQ� /|VXQJHQ� &OXVWHU� ]X� ELOGHQ�� N|QQHQ� GLH� 3URWHLQH� DOV

YLHO]lKQLJH� &KHODWV\VWHPH� HQWJHJHQZLUNHQ� XQG� GDPLW� GLH� ELRFKHPLVFK� JXW� QXW]EDUHQ

5HGR[SRWHQWLDOH�]ZLVFKHQ�0R��9,����9����,9��YRQ�HWZD�²����P9�YHUZHUWHQ�

9HUEUHLWHW� VLQG� 0RO\EGRSURWHLQH� ]XPHLVW� LQ� 2UJDQLVPHQ� DXV� PHVRSKLOHP� XQG� WKHUPRSKLOHP

+DELWDW��9HUJOHLFKEDUH�(Q]\PH�DXV�2UJDQLVPHQ�K\SHUWKHUPRSKLOHU�/HEHQVEHUHLFKH�QXW]HQ�VWDWW

0RO\EGlQ� PHLVW� :ROIUDP� DOV� %HVWDQGWHLO� GHV� DNWLYHQ� =HQWUXPV�� ZDV� VLFK� GXUFK� GLH� EHVVHUH

/|VOLFKNHLW�GHU�6XOILGRZROIUDPDWH��VRZLH�GDV�QHJDWLYHUH�5HGR[SRWHQWLDO�GHU�hEHUJlQJH�]ZLVFKHQ

VHFKV���I�QI��XQG�YLHUZHUWLJHU�)RUP�HUNOlUHQ�Ol�W� �.DLP�XQG�6FKZHGHUVNL������ �

0RO\EGRSURWHLQH� EHVLW]HQ� KlXILJ� ZHLWHUH� UHGR[DNWLYH� .RIDNWRUHQ�� QHEHQ� 0RO\EGlQ� ZHUGHQ

(LVHQ�6FKZHIHO�=HQWUHQ�� +lP�*UXSSHQ� XQG� )ODYLQDGHQLQGLQXNOHRWLG� �)$'�� JHIXQGHQ�� PLW

GHQHQ� ]XVDPPHQ� HV� GLH� NRQWUROOLHUWHQ� =ZHLHOHNWURQHQ�EHUJlQJH� XQG� 6DXHUVWRIIWUDQVIHUV� YRP

6XEVWUDW� ]X� UlXPOLFK� JHWUHQQWHQ� (LQHOHNWURQ�EHUWUlJHUQ�� ZLH� &\WRFKURPHQ� RGHU� )HUUHGR[LQHQ

NDWDO\VLHUHQ� NDQQ�� *HJHQ�EHU� HLQLJHQ� DQGHUHQ� (OHPHQWHQ� VFKHLQW� VLFK� GLH� 9HUI�JEDUNHLW� YRQ

0RO\EGlQ�DQWDJRQLVWLVFK�]X�YHUKDOWHQ��GLHV�JLOW�X�D�� I�U�.XSIHU� LQ�*HJHQZDUW�YRQ�6XOILG�,RQHQ

�2
'HOO�%R\G��������VRZLH�LQ�HLQLJHQ�)lOOHQ�DXFK�I�U�:ROIUDP�

0DQ� ILQGHW�0RO\EGlQ� LQ�(Q]\PHQ� LQ� ]ZHL�*UXQGIRUPHQ�� D��� DOV�%HVWDQGWHLO� GHV�PHKUNHUQLJHQ

DNWLYHQ� =HQWUXPV� YRQ� 1LWURJHQDVHQ�� VRZLH� E��� LQ� GHQ� HLQNHUQLJHQ� =HQWUHQ� YRQ

2[RPRO\EGlQHQ]\PHQ�� GLH� GHVKDOE� DXFK� HLQNHUQLJH� 0RO\EGlQHQ]\PH� JHQDQQW� ZHUGHQ� �+LOOH

������� 9RQ� GLHVHQ� 2[RPRO\EGlQHQ]\PHQ� VLQG� LQ]ZLVFKHQ� PHKU� DOV� ��� YHUVFKLHGHQH� $UWHQ

EHNDQQW��GHUHQ�NDWDO\VLHUWH�5HDNWLRQHQ�LP�JOREDOHQ�6FKZHIHO���6WLFNVWRII��XQG�.RKOHQVWRII]\NOXV

ZLFKWLJH�5ROOHQ�VSLHOHQ� �+LOOH�������



(LQOHLWXQJ ��

'LH�ÅHLQNHUQLJHQ´�0RO\EGRHQ]\PH

'LH� HLQNHUQLJHQ� 2[RPRO\EGlQHQ]\PH� ZHUGHQ� DXIJUXQG� GHU� NDWDO\VLHUWHQ� 5HDNWLRQHQ�� GHU

6HTXHQ]KRPRORJLHQ��GHV�9HUJOHLFKV�GHU�8QWHUHLQKHLWHQ��E]Z��'RPlQHQ�6WUXNWXUHQ��GHU�.ULVWDOO�

6WUXNWXUHQ�VRZLH�(35��XQG�(;$)6�

VSHNWURVNRSLVFKHQ�(LJHQVFKDIWHQ� LQ�+\GUR[\ODVHQ� XQG�2[RWUDQVIHUDVHQ� XQWHUWHLOW� �+LOOH� ������

:lKUHQG�DOV�+\GUR[\ODVHQ�HLQH�UHODWLY�KRPRJHQH�*UXSSH�YRQ�(Q]\PHQ�EH]HLFKQHW�ZHUGHQ��GLH

QHEHQ� LKUHU� .RIDNWRU]XVDPPHQVHW]XQJ� DXFK� HLQH� lKQOLFKH� $PLQRVlXUHVHTXHQ]� DXV]HLFKQHW�

ZHUGHQ� GLH� 2[RWUDQVIHUDVHQ� ZHLWHU� LQ� GLH� '062�5HGXNWDVH� XQG� GLH� 6XOILW�2[LGDVH� )DPLOLH

XQWHUJOLHGHUW��'LH�'062�5HGXNWDVH�)DPLOLH�XPID�W�EDNWHULHOOH�(Q]\PH�ZLH�GLH�GLVVLPLODWRULVFKH

1LWUDW��VRZLH�GLH�'062�5HGXNWDVH��ZlKUHQG�GLH�6XOILW�2[LGDVH�)DPLOLH�HXNDU\RQWLVFKH�(Q]\PH

ZLH� GLH� 6XOILW�2[LGDVH� XQG� GLH� DVVLPLODWRULVFKH� 1LWUDW�5HGXNWDVH� XPID�W�� 'LH� HFKWHQ

2[RWUDQVIHUDVHQ��ZLH�GLH�(Q]\PH�GHU�'062�5HGXNWDVH�)DPLOLH�XQG�GHU�6XOILW�2[LGDVH�)DPLOLH

DXFK� JHQDQQW� ZHUGHQ�� NDWDO\VLHUHQ� GHQ� 7UDQVIHU� HLQHV� 6DXHUVWRIIDWRPV� YRQ� E]Z�� ]X� HLQHP

YHUI�JEDUHQ�(OHNWURQHQSDDU�GHV�6XEVWUDWV�

,P�/DXIH�GHU�OHW]WHQ�I�QI�-DKUH�ZXUGHQ�]DKOUHLFKH�HLQNHUQLJH�0RO\EGlQHQ]\PH�NULVWDOORJUDSKLVFK

DXIJHNOlUW��$EE����

$EELOGXQJ �� 0RO\EGRHQ]\PH� 9RQ OLQNV QDFK UHFKWV� 6XOILW�2[LGDVH �62� �.LVNHU� 6FKLQGHOLQ HW DO� ������ &2�
'HK\GURJHQDVH �&2'+� �'REEHN� *UHPHU HW DO� ������ $OGHK\G�2[LGRUHGXNWDVH �023� �5RPDR� $UFKHU HW DO�
������ '062�5HGXNWDVH �'0625� �6FKLQGHOLQ� .LVNHU HW DO� ������ )RUPLDW�'HK\GURJHQDVH �)'+� �%R\LQJWRQ�
*ODG\VKHY HW DO� ������ 70$2�5HGXNWDVH �'RV 6DQWRV� ,REEL�1LYRO HW DO� ������

Einkernige Molybdän-haltige Enzyme

Xanthin-Oxidase
Familie

(LMoOS )

TMAOR

DMSO-Reduktase
Familie

(L2MoX)
FDH

Sulfit-Oxidase
Familie

(LMoO 2)

SO

MOP

DMSOR
CODH



��

(V� ZLUG� HUZDUWHW�� GD�� GLH�0LWJOLHGHU� GHU� HLQ]HOQHQ� )DPLOLHQ� lKQOLFKH� .RIDNWRUHQ� E]Z�� DNWLYH

=HQWUHQ��$EE����EHVLW]HQ�

Mo

S

OH2

O

S
S

Mo

O

SCys

OH2

S
S Mo

O OSer

S
S

S
S

(SCys)
(SeCys)

Xanthin-Oxidase
Familie

Sulfit-Oxidase
Familie

DMSO-Reduktase
Familie

$EELOGXQJ �� 'LH GUHL +DXSWIDPLOLHQ GHU HLQNHUQLJHQ 0RO\EGRSURWHLQH � Q� �+LOOH ������� 'LH GUHL )DPLOLHQ
GHU HLQNHUQLJHQ 0RO\EGRSURWHLQH ZHUGHQ QDFK GHQ YRQ LKQHQ NDWDO\VLHUWHQ 5HDNWLRQHQ� 6HTXHQ]KRPRORJLHQ XQG
YHUPXWHWHQ 0R�/LJDQGHQ HLQJHWHLOW�

6WUXNWXU�GHV�0RO\EGRSWHULQ�.RIDNWRUV

'LH� GUHLGLPHQVLRQDOH� 6WUXNWXU� GHV� 0R�0RO\GRSWHULQ� .RIDNWRUV� �$EE���� NRQQWH� ����� PLW� GHU

6WUXNWXU� GHU� $OGHK\G�2[LGRUHGXNWDVH� YRQ� 'HVXOIRYLEULR� JLJDV� �5RPDR�� $UFKHU� HW� DO�� ����� � ]XP

HUVWHQPDO�JH]HLJW�ZHUGHQ��'LH�WUL]\NOLVFKH�5LQJVWUXNWXU�ZXUGH�]XYRU�VFKRQ�LQ�GHU�6WUXNWXU�HLQHV

:ROIUDP�KDOWLJHQ� (Q]\PV�� GHU� $OGHK\G�2[LGRUHGXNWDVH� DXV� 3\URFRFFXV� IXULRVXV� HQWGHFNW� �&KDQ�

0XNXQG�HW�DO������� ��,Q�DOOHQ�QXQ�EHNDQQWHQ�(Q]\PHQ�KDW�GHU�0RO\EGlQ�.RIDNWRU�GLH�JOHLFKH

6WUXNWXU��EHVWHKHQG�DXV�HLQHP�2UJDQRPHWDOOR�.RPSOH[�DXV�0RO\EGlQ�XQG�HLQHP�3WHULQ�'HULYDW�

%HLGH�OLHJHQ�LQ�GHU�0RO\EGlQ�+\GUR[\ODVH�XQG�6XOILW�2[LGDVH�)DPLOLH�LQ�HLQHU�����6W|FKLRPHWULH

YRU�� 'DV� 3WHULQ� LVW� HLQ� ��$PLQR���+\GUR[\�3WHULGLQ� PLW� HLQHU� & ��$ON\O�6HLWHQNHWWH� DQ� GHU

3RVLWLRQ����'HU�3\UDQ�5LQJ�ZLUG�GDEHL� IRUPDO�GXUFK�GLH�.RQGHQVDWLRQ�GHU� �¶�2+�*UXSSH�GHU

&��6HLWHQNHWWH�GHV�3WHULQ�5LQJV�PLW�GHP�&��$WRP�GHV�3WHULQ�1XNOHXV�JHELOGHW��'LH�3RVLWLRQ�&�¶

XQG�&� ¶�GHV�3\UDQ�5LQJV�VLQG� VS��K\EULGLVLHUW�XQG�WUDJHQ�LQ�FLV�.RQILJXUDWLRQ�MH�HLQHQ�6FKZHIHO�

/LJDQGHQ�� 'LH� 6FKZHIHO� GLHVHU� 'LWKLROHQIXQNWLRQ� NRPSOH[LHUHQ� GDV� 0RO\EGlQ�,RQ�� 'LH� &�¶�

3KRVSKDW�*UXSSH� ELOGHW� PLW� GHU� �¶�3KRVSKDW�*UXSSH� GHV� �¶�&03� LP�0RO\EGRSWHULQ�&\WRVLQ�

'LQXNOHRWLG� �0&'�� .RIDNWRU� HLQH� 3\URSKRVSKDW�%U�FNH� DXV� �5RPDR�� $UFKHU� HW� DO�� �����

�+XEHU��+RI�HW�DO������� �
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$EELOGXQJ �� 6WUXNWXU GHV 0R�JHEXQGHQHQ 0RO\EGRSWHULQ�.RIDNWRUV� =XVlW]OLFK ]XU 3WHULQ�*UXQGVWUXNWXU
ILQGHW PDQ GHQ 3\UDQULQJ� GHU GLH 0R�NRRUGLQLHUHQGH 'LWKLROHQ�*UXSSLHUXQJ WUlJW� 'LH %H]HLFKQXQJ
0RO\EGRSWHULQ�.RIDNWRU EH]LHKW VLFK QXU DXI GLH RUJDQLVFKH .RPSRQHQWH GHV DNWLYHQ =HQWUXPV�

'HU� DQ� GLH� 3KRVSKDW�*UXSSH� GHV� 0RO\EGRSWHULQV� JHEXQGHQH� 5HVW� XQWHUVFKHLGHW� VLFK� LQ� GHQ

)DPLOLHQ�� ZLH� DXFK� LQ� GHQ� (Q]\PHQ�� DEKlQJLJ� YRP�2UJDQLVPXV� DXV� GHP� VLH� LVROLHUW� ZXUGHQ�

:lKUHQG�(Q]\PH�DXV�HXNDU\RQWLVFKHQ�6\VWHPHQ�GHQ�.RIDNWRU� LQ�GHU�REHQ�GDUJHVWHOOWHQ�)RUP

EHVLW]HQ� �5 +�� �$EE����� NDQQ�PDQ� LQ� SURNDU\RQWLVFKHQ� 6\VWHPHQ� DXFK� GLH� 'LQXNOHRWLGH� YRQ

*XDQLQ��&\WRVLQ��$GHQLQ�RGHU�+\SR[DQWKLQ�ILQGHQ�

'HU�7UL]\NOXV� LVW�GHXWOLFK�QLFKW�SODQDU�� VRZRKO� LP�]HQWUDOHQ�3\UD]LQULQJ�DOV� DXFK� LP�3\UDQULQJ�

'HU� 3\UDQULQJ� EHILQGHW� VLFK� LQ� HLQHU� KDOI�FKDLU� .RQIRUPDWLRQ�� GLH� GHXWOLFK� YRQ� GHU� (EHQH� GHV

3WHULQV\VWHPV�DEZHLFKW�XQG�LVW�JHJHQ�EHU�GHU�(EHQH�GHV�3WHULQV\VWHPV�XP�a�������JHQHLJW�

2EZRKO�GLH�ELRFKHPLVFKH�%HGHXWXQJ�GHV�.RIDNWRUV�QLFKW�YROOVWlQGLJ�YHUVWDQGHQ�LVW��VWDELOLVLHUW

HU�RIIHQVLFKWOLFK�GLH�3URWHLQNRQIRUPDWLRQ�XQG�NDQQ�DQ�GHU�:HLWHUJDEH�YRQ�(OHNWURQHQ�DQ�DQGHUH

.RIDNWRUHQ� EHWHLOLJW� VHLQ�� 'LH� NRQIRUPDWLRQHOOH� )OH[LELOLWlW� GHV� .RIDNWRUV� HUODXEW� ]XGHP� GLH

0RGXODWLRQ� GHV� 5HGR[SRWHQWLDOV� GHV� 0RO\EGlQLRQV� GXUFK� GLH� UHODWLYH� /DJH� GHU� 'LWKLROHQ�

/LJDQGHQ�]XP�0RO\EGlQ�

0RO\EGlQ�+\GUR[\ODVHQ

'LH�(Q]\PH�GHU�;DQWKLQ�2[LGDVH��'HK\GURJHQDVH�)DPLOLH

'LH� ;DQWKLQ�2[LGDVH� )DPLOLH� EHLQKDOWHW� (Q]\PH� ZLH� &2�'HK\GURJHQDVH�� ;DQWKLQ�2[LGDVH��

'HK\GURJHQDVH�� $OGHK\G�2[LGRUHGXNWDVH�� 1LNRWLQDW�'HK\GURJHQDVH�� ��+\GUR[\�QLNRWLQDW�

'HK\GURJHQDVH�� 1LNRWLQ�'HK\GURJHQDVH�� &KLQROLQ���2[LGRUHGXNWDVH�� ,VRFKLQROLQ���

2[LGRUHGXNWDVH�� &KLQROLQ���FDUER[\ODW���2[LGRUHGXNWDVH�� &KLQDOGLQ���2[LGRUHGXNWDVH�

&KLQDOGLQVlXUH���2[LGRUHGXNWDVH�� 3LFROLQDW�'HK\GURJHQDVHQ� XQG� � �5��+\GUR[\�FDUER[\ODW�

2[LGRUHGXNWDVH�� 'LHVH� (Q]\PH� NDWDO\VLHUHQ� LP� DOOJHPHLQHQ� +\GUR[\OLHUXQJHQ� JHPl�� GHU

5HDNWLRQ� �5�+� �� + �2� �!� 5�2+� �� �� +
�� �� �� H���� ZREHL� VLH�� DQGHUV� DOV� ]�%�� 0RQR�� XQG

'LR[\JHQDVHQ��:DVVHU�DOV�6DXHUVWRIITXHOOH�QXW]HQ� �+LOOH��������'LH�5HR[LGDWLRQ�GHV�UHGX]LHUWHQ



��

(Q]\PV�NDQQ�GXUFK�2 ��DOV�2[LGDWLRQVPLWWHO�HUIROJHQ��ZREHL�3HUR[LG�RGHU�6XSHUR[LG�SURGX]LHUW

ZHUGHQ�

'LH� NDWDO\WLVFKH� 5HDNWLRQ� NDQQ� DXV� GHU� 3HUVSHNWLYH� GHV� (Q]\PV� LQ� ]ZHL� +DOE]\NOHQ

XQWHUVFKLHGHQ�ZHUGHQ��,Q�GHU�UHGXNWLYHQ�+DOEUHDNWLRQ�QLPPW�0R�]ZHL�(OHNWURQHQ�DXI��ZlKUHQG

GDV� 6XEVWUDW� K\GUR[\OLHUW� ZLUG�� 'LH� DQVFKOLH�HQGH� R[LGDWLYH� +DOEUHDNWLRQ� EHVWHKW� � DXV� GHP

7UDQVIHU� GHU� (OHNWURQHQ� �EHU� GLH� ZHLWHUHQ� .RIDNWRUHQ� ]X� HLQHP� H[WHUQHQ� 5HGR[SDUWQHU� XQG

I�KUW�]XU�:LHGHUKHUVWHOOXQJ�GHV�DNWLYHQ�=HQWUXPV�

'LH� 0RO\EGlQK\GUR[\ODVHQ� EHVLW]HQ� DOV� SURVWKHWLVFKH� *UXSSHQ� W\SLVFKHUZHLVH� QHEHQ� GHP

0RO\EGRSWHULQ�.RIDNWRU�� ]ZHL� VSHNWURVNRSLVFK� XQWHUVFKHLGEDUH� >�)H��6@�&OXVWHU� VRZLH� )$'�

(LQLJHQ�(Q]\PH�ZLH�]�%��GHU�$OGHK\G�2[LGRUHGXNWDVH�YRQ� '��JLJDV��5RPDR��$UFKHU�HW�DO�������

IHKOW� GLH� )ODYLQGRPlQH�� E]Z�� )ODYLQ�8QWHUHLQKHLW�� GLH� ;DQWKLQ�'HK\GURJHQDVH� DXV� 9HLORQHOOD

DW\SLFD� EHVLW]W� GDJHJHQ� QXU� HLQHQ� >�)H��6@�&OXVWHU� �*UHPHU� XQG� 0H\HU� ����� �� :lKUHQG

HXNDU\RQWLVFKH�0R�+\GUR[\ODVHQ�DXV�HLQHP�3RO\SHSWLG�6WUDQJ�SUR�0RQRPHU�EHVWHKHQ��EHVLW]HQ

YLHOH� GHU� SURNDU\RQWLVFKHQ� +\GUR[\ODVHQ�� EHL� lKQOLFKHU� *HVDPWJU|VVH�� HLQH� 8QWHUHLQKHLWHQ�

6WUXNWXU��GLH�PD[LPDO�GUHL�8QWHUHLQKHLWHQ�SUR�0RQRPHU�XPIDVVHQ� �+LOOH�������

'LH�=XRUGQXQJ� YRQ�0RO\EGRHQ]\PHQ� ]XU�;DQWKLQ�2[LGDVH� )DPLOLH� ZLUG�PHLVW� DXIJUXQG� YRQ

6HTXHQ]KRPRORJLHQ�� RGHU� ZR� GLHVH� IHKOHQ�� QDFK� LKUHU� 5HDNWLYLWlW� JHJHQ�EHU� &\DQLGHQ

GXUFKJHI�KUW�� 'LH� ,QDNWLYLHUXQJ� GXUFK� &\DQLG�,RQHQ� ZLUG� DXI� GLH� %LOGXQJ� YRQ� 7KLRF\DQDW�

$QLRQHQ� ]XU�FNJHI�KUW� �%UD\� ������&RXJKODQ�� -RKQVRQ� HW� DO�� ����� �� GLH� DXV� GHU�5HDNWLRQ� YRQ

&\DQLG� PLW� HLQHP� 6XOILGR�/LJDQGHQ� GHV� 0RO\EGlQV� HQWVWHKHQ�� 'HPHQWVSUHFKHQG� JLOW� GDV

9RUKDQGHQVHLQ� GLHVHV� 6XOILGR�/LJDQGHQ� DOV� 0HUNPDO� GHU� ;DQWKLQ�2[LGDVH� )DPLOLH� XQG� VHLQH

3UlVHQ]�DOV�HVVHQWLHOO�I�U�GLH�.DWDO\VH�

.XSIHUSURWHLQH

.XSIHU�LQ�GHU�1DWXU

.XSIHU�ZLUG�LQ�]DKOUHLFKHQ�ELRORJLVFKH�6\VWHPHQ�JHIXQGHQ��ZR�HV�VRZRKO�YRQ�VWUXNWXUHOOHU�ZLH

NDWDO\WLVFKHU�%HGHXWXQJ�VHLQ�NDQQ�XQG�DOV�&X�,�,,��DXIWULWW�

.XSIHU�WULWW�LQ�DOOHQ�ELRORJLVFKHQ�5HLFKHQ��$UFKlHQ��%DNWHULHQ�XQG�(XNDU\RQWHQ��DXI��$XIJUXQG

VHLQHU�FKHPLVFKHQ�(LJHQVFKDIWHQ��ZLH�DXFK�GHP�9RUNRPPHQ�GHV�(OHPHQWV��NDQQ�PDQ�VFKOLH�HQ�

GD��.XSIHU�HUVW�VSlW��QDFK�GHU�2[\JHQLHUXQJ�GHU�$WPRVSKlUH�VHLQH�KHXWH�EHNDQQWH�ELRORJLVFKH

%HGHXWXQJ�HUODQJWH� �GD�6LOYD�XQG�:LOOLDPV������ �
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.XSIHU�LQ�.DWDO\VH�XQG�(OHNWURQHQWUDQVSRUW

.XSIHU�ZLUG� LQ�YLHOIlOWLJHQ�(Q]\PHQ�JHIXQGHQ��GLH��QDFK�ELVKHULJHP�:LVVHQ��DXVVFKOLH�OLFK�DXI

5HDNWLRQHQ�PLW�PROHNXODUHP�6DXHUVWRII�RGHU�6WLFNR[LGHQ�DOV�6XEVWUDW�RGHU�(OHNWURQHQDN]HSWRU

EHVFKUlQNW�VLQG� �0HVVHUVFKPLGW������ �

)�U� GLH� .RRUGLQDWLRQ� YRQ� .XSIHU� ZHUGHQ� XQWHUVFKLHGOLFKH� *HRPHWULHQ� JHIXQGHQ�� ZREHL� GLH

$Q]DKO��ZLH� DXFK� GLH�1DWXU� GHU� /LJDQGHQ� YRQ� GHU�2[LGDWLRQVVWXIH� GHV�0HWDOOV� DEKlQJW��1DFK

GHP�+6$%�.RQ]HSW�YRQ�3HDUVRQ�VROOWH�GDEHL�GDV�ZHLFKHUH�&X ��ZHLFKH�/LJDQGHQ�ZLH�6FKZHIHO�

,RQHQ�RGHU�GLH�$PLQRVlXUHQ�&\V��E]Z��&\V ��XQG�0HW�EHYRU]XJHQ��'DV�KlUWHUH�&X ���ZLUG�GDJHJHQ

EHYRU]XJW� YRQ� 6DXHUVWRII�� RGHU� 6WLFNVWRII�$WRPHQ� RGHU� �,RQHQ� NRRUGLQLHUW�� ,P� )DOOH� JHULQJHU

VWHULVFKHU�+LQGHUXQJ� LVW� GLH� EHYRU]XJWH� .RRUGLQDWLRQ� YRQ� &X � HLQH� WHWUDHGULVFKH� $QRUGQXQJ�

WULJRQDO� SODQDUH� XQG� OLQHDUH� .RRUGLQDWLRQHQ� VLQG� P|JOLFK�� DEHU� VHOWHQ�� /LJDQGHQ� XP� &X ��

EHYRU]XJHQ�GDJHJHQ�HLQH�TXDGUDWLVFK�SODQDUH�$QRUGQXQJ��ZREHL�DEHU�DXFK�YHU]HUUW�WHWUDHGULVFKH�

TXDGUDWLVFK�S\UDPLGDOH�XQG�YHU]HUUW�RNWDHGULVFKH�*HRPHWULHQ�JHIXQGHQ�ZHUGHQ� �0HVVHUVFKPLGW

������

.XSIHU� NRPPW� LQ� KRPRPHWDOOLVFKHQ�� ZLH� KHWHURPHWDOOLVFKHQ� =HQWUHQ� YRU�� .ODVVLVFKH

+RPRPHWDOO]HQWUHQ�VLQG�GDEHL�

(S?,O)

Cu

Cu

NNH

NNNH
NH

N NH

N N NH
NH

Cu

S
NN

S CH3

NH
NH

LMCT

(Cys-)

(Met)

OX

Cu

NNH

NNNH
NH

Typ-I Typ-II Typ-III

$EELOGXQJ �� .ODVVLVFKH .XSIHU]HQWUHQ �QDFK �.DLP XQG 6FKZHGHUVNL ������� 1HEHQ GHQ GUHL KlXILJ
YRUNRPPHQGHQ� NODVVLVFKHQ .XSIHU]HQWUHQ JLEW HV ZHLWHUH PHKUNHUQLJH =HQWUHQ�

0HKUNHUQLJH�=HQWUHQ

0HKUNHUQLJH�0HWDOO]HQWUHQ�ILQGHW�PDQ�VRZRKO�LQ�GHQ�DNWLYHQ�=HQWUHQ�YRQ�(Q]\PHQ�DOV�DXFK�]XU

6WUXNWXUJHEXQJ� XQG� LP� (OHNWURQHQWUDQVSRUW� YRQ� 3URWHLQHQ�� :lKUHQG� LKUH� 5ROOH� LP

(OHNWURQHQWUDQVSRUW� DOV� WHLOZHLVH� YHUVWDQGHQ�JHOWHQ�NDQQ�� LVW� LKUH�%HGHXWXQJ� LQ�GHU�.DWDO\VH� LQ

GHQ�PHLVWHQ�)lOOHQ�XQNODU��$XIIDOOHQG� LVW�GDV�9RUNRPPHQ�YRQ�PHKUNHUQLJHQ�hEHUJDQJVPHWDOO�

=HQWUHQ� ZR� HV� XP� GLH� $NWLYLHUXQJ� XQG� UHGR[NDWDO\WLVFKH� 8PVHW]XQJ� NOHLQHU� 0ROHN�OH� ZLH

PROHNXODUHP�6WLFNVWRII��1 ���LQ�'LQLWURJHQDVHQ� �.LP��:RR�HW�DO���������PROHNXODUHP�:DVVHUWRII



��

�+���LQ�+\GURJHQDVHQ� �9ROEHGD��&KDURQ�HW�DO������� ��3HWHUV��/DQ]LORWWD�HW�DO������� ��PROHNXODUHP

6DXHUVWRII��2���LQ�&\WRFKURPH�F�2[LGDVHQ� �7VXNLKDUD��$R\DPD�HW�DO������� �XQG�.RKOHQPRQR[LG

�&2��LQ�.RKOHQPRQR[LG�'HK\GURJHQDVHQ��&2�'HK\GURJHQDVHQ��JHKW�

.XSIHU�KDOWLJH�=HQWUHQ

.XSIHU�KDOWLJH� 3URWHLQH� HQWKDOWHQ� QHEHQ� HLQNHUQLJHQ� 7\S��� XQG� 7\S��� =HQWUHQ� �$EE���� DXFK

PHKUNHUQLJH� &X�=HQWUHQ�� EHL� GHQHQ� GLH� KRPRQXNOHDUHQ� =XVDPPHQVHW]XQJHQ� GRPLQLHUHQ�

%HNDQQWH� PHKUNHUQLJH� =HQWUHQ� VLQG� ]�%�� GDV� 7\S��� &X�=HQWUXP� PLW� ]ZHL� &X�,,��,RQHQ�� GLH

DQWLIHUURPDJQHWLVFK�JHNRSSHOW� VLQG�� VRZLH�GDV� YLROHWWH�&X $�=HQWUXP�GHU�&\WRFKURP�F�2[LGDVH

XQG� 1�2�5HGXNWDVH� PLW� GHORNDOLVLHUWHP�� JHPLVFKWYDOHQWHP� &X������&X������ 6\VWHP� �HEHQIDOOV

DQWLIHUURPDJQHWLVFK� JHNRSSHOW��� 'LHVH� =HQWUHQ� ZHUGHQ� GXUFK� $WRPH� QDKHU� $PLQRVlXUHQ� ZLH

GHP�6γ�YRQ�&\VWHLQ�5HVWHQ�YHUEU�FNW�

(LQ� EHNDQQWHV� KHWHURQXNOHDUHV� &X�KDOWLJHV� 0HWDOO]HQWUXP�� GDV� &X %�)HKlPD�� 3DDU� LP� DNWLYHQ

=HQWUXP�GHU�&\WRFKURP�F�2[LGDVH�EHVWHKW�DXV�HLQHP�DQWLIHUURPDJQHWLVFK�JHNRSSHOWHQ�&X�LQ����

c� 'LVWDQ]� YRQ� )H D��� 'LH� =XRUGQXQJ� HLQHV� %U�FNHQOLJDQGHQ� LQ� GLHVHP� =HQWUXP� LVW� QLFKW

HLQGHXWLJ��GRFK�HLQ�XQWHUVFKLHGOLFK�VWDUN�SURWRQLHUWHV�� WHLOZHLVH�XQJHRUGQHWHV�2[LG�,RQ�ZLUG�DOV

%HVWDQGWHLO� GHU� PHLVWHQ� KRFKDXIJHO|VWHQ� =HQWUHQ� EHVFKULHEHQ�� (LQ� KHWHURQXNOHDUHV� =HQWUXP

EHVLW]W�HEHQIDOOV�GLH�&X���=Q�KDOWLJH�6XSHUR[LG�'LVPXWDVH�� LQ�GHU�GLH�EHLGHQ�0HWDOO]HQWUHQ��EHU

HLQHQ�+LVW�5HVW� YHUEU�FNW� VLQG��.�U]OLFK�ZXUGH�GLH�([LVWHQ]� HLQHV�ZHLWHUHQ�KHWHURPHWDOOLVFKHQ

0R�� XQG� &X�KDOWLJHQ� &OXVWHUV� DXI� GHU� %DVLV� VSHNWURVNRSLVFKHU� 8QWHUVXFKXQJHQ� �(;$)6�

YRUJHVFKODJHQ� �*HRUJH�� 3LFNHULQJ� HW� DO�� ����� �� GHVVHQ� )XQNWLRQ� DOOHUGLQJV� XQNODU� LVW�� (LQH

%HWHLOLJXQJ�DP�(OHNWURQHQWUDQVSRUW�HUVFKHLQW�ZDKUVFKHLQOLFK�

(LVHQ�6FKZHIHO�KDOWLJH�=HQWUHQ

(LVHQ�6FKZHIHO�3URWHLQH� ZHUGHQ� ]XPHLVW� I�U� (LQHOHNWURQHQ�hEHUWUDJXQJHQ� EHL� QHJDWLYHP

5HGR[SRWHQWLDO� JHQXW]W�� N|QQHQ� DEHU� DXFK� HLQH� UHGR[�� RGHU� QLFKWUHGR[NDWDO\WLVFKH� )XQNWLRQ

KDEHQ�� 'LH� 6XOILG�� XQG� (LVHQ�,RQHQ� VLQG� DXV� )HUUHGR[LQHQ� UHYHUVLEHO� H[WUDKLHUEDU� XQG� GDV

YHUEOLHEHQH�$SRHQ]\P�NDQQ�PLW�H[WHUQHP�6 ���XQG�)H������UHNRQVWLWXLHUW�ZHUGHQ�

,KU� 9RUNRPPHQ� LQ� K\SHUWKHUPRSKLOHQ� XQG� DQDHUREHQ� 2UJDQLVPHQ� VRZLH� LKU� QLHGULJHV

5HGR[SRWHQWLDO� ODVVHQ� DXI� HLQH� ZLFKWLJH� 5ROOH� YRQ� )H�6�&OXVWHUQ� LQ� GHU� IU�KHQ� (YROXWLRQ

VFKOLH�HQ�� LQ� 5HDNWLRQHQ�� GLH� DP� %HJLQQ� GHV� FKHPROLWKRDXWRWURSKHP� 6WRIIZHFKVHOV� JHVWDQGHQ

KDEHQ�N|QQWHQ�

)H� OLHJW� LQ� HLQHU� YHU]HUUW� WHWUDHGULVFKHQ� .RRUGLQDWLRQ� PLW� YLHU� 6FKZHIHODWRPHQ� YRU�

'LH� )H�$WRPH� KDEHQ� GDEHL� DXIJUXQG� GHU� XP� GLH� +lOIWH
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YHUULQJHUWHQ� /LJDQGHQIHOG�$XIVSDOWXQJ� LQ� GHU� 7HWUDHGHUV\PPHWULH� JHJHQ�EHU� GHUMHQLJHQ� LQ� GHU

2NWDHGHUV\PPHWULH�GXUFKJlQJLJ�KLJK�VSLQ�.RQILJXUDWLRQ�

S
Fe

S
S

S

Fe

S

S (Cys)

(Cys)

(Cys)

(Cys)

$EELOGXQJ �� >�)H��6@�=HQWUXP� -HGHV GHU EHLGHQ )H�,RQHQ LVW YHU]HUUW WHWUDHGULVFK YRQ YLHU 6FKZHIHO�/LJDQGHQ
XPJHEHQ�

'HU�HLQIDFKVWH�)H�KDOWLJH�&OXVWHU� LVW�GHU� >�)H��6@�&OXVWHU� �$EE����PLW�YHUEU�FNHQGHQ� µ��6XOILG�

,RQHQ��GLH�DXFK�DOV�DQRUJDQLVFKHU�RGHU�VlXUHODELOHU�6FKZHIHO�EH]HLFKQHW�ZHUGHQ�

$XIJUXQG� GHU� HOHNWURVWDWLVFKHQ� XQG� VWUXNWXUHOOHQ�$V\PPHWULH� VLQG� GLH� EHLGHQ� )H�$WRPH� QLFKW

lTXLYDOHQW�� 'LH� 5HGXNWLRQ� GHV� &OXVWHUV� I�KUW� YRQ� HLQHP� )H�,,,��)H�,,,��6\VWHP� ]X� HLQHP

)H�,,,��)H�,,��6\VWHP�PLW�ORNDOLVLHUWHQ�/DGXQJHQ��0|VVEDXHU���105��XQG�(65�VSHNWURVNRSLVFKH

8QWHUVXFKXQJHQ�OHJHQ�HLQH�%HVFKUHLEXQJ�PLW�ORNDOLVLHUWHQ�9DOHQ]HQ�QDKH� �'XJDG��/D�0DU�HW�DO�

������$FKLP��*ROLQHOOL�HW�DO������� �

'HU�KlXILJVWH�XQG�VWDELOVWH�7\SXV�GHU�PHKUNHUQLJHQ�)H6�=HQWUHQ�LVW�GHU�>�)H��6@�7\S��(U�ELOGHW

LQ�HUVWHU�1lKHUXQJ�HLQHQ�7HWUDHGHU�PLW�GHQ� µ��6XOILGLRQHQ�DXI�GHQ�7HWUDHGHUIOlFKHQ�XQG�GLHQW

PHLVW�GHU�(OHNWURQHQ�EHUWUDJXQJ�EHL�QHJDWLYHP�5HGR[SRWHQWLDO��ELV�²����9��

'HU�/DGXQJ�GHV�R[LGLHUWHQ�&OXVWHUV�OLHJW�EHL�²��PLW�]ZHL�3DDUHQ�YRQ�(LVHQGLPHUHQ�HWZD�JOHLFKHU

,VRPHULHYHUVFKLHEXQJ��0|VVEDXHU�6SHNWURVNRSLH��HQWVSUHFKHQG�HLQHU�2[LGDWLRQVVWXIH�YRQ�����

I�U� )H�� G�K�� HV� OLHJHQ� JHPLVFKWYDOHQWH� )H�,,��)H�,,,�� 3DDUH� PLW� ZHLWJHKHQGHU

(OHNWURQHQGHORNDOLVDWLRQ� EHL� HIIHNWLYHU� 6SLQSDDUXQJ� YRU�� 'HU� *UXQG� I�U� GLH� 'HORNDOLVDWLRQ

�5HVRQDQ]�� EHL� >�)H��6@�=HQWUHQ� LP�*HJHQVDW]� ]XU� ORNDOLVLHUWHQ� /DGXQJ� YRQ� >�)H��6@�=HQWUHQ

OLHJW� ZDKUVFKHLQOLFK� LQ� HLQHU� VWUXNWXUHOO� EHGLQJWHQ� 2UWKRJRQDOLWlW� GHU� 0HWDOORUELWDOH�� GLH� �EHU

VXSHUDXVWDXVFKHQGH� 6XOILG�%U�FNHQ� ZHFKVHOZLUNHQ�� (LQ� EHJ�QVWLJHQGHU� (IIHNW� I�U� VFKQHOOHQ

(OHNWURQHQWUDQVIHU� VLQG� GLH� JHULQJHQ� *HRPHWULHlQGHUXQJHQ� GHV� =HQWUXPV� EHL

5HGXNWLRQ�2[LGDWLRQ�

'LH� =DKO� K\GURSKREHU� 5HVWH�� VRZLH� GLH� YHUPLQGHUWH� =XJlQJOLFKNHLW� YRQ� :DVVHU� VFKHLQHQ

6WDELOLWlW�XQG�5HGR[SRWHQWLDO�GHU�&OXVWHU�]X�EHVWLPPHQ� �6WHSKHQV��-ROOLH�HW�DO������� �

>�)H��6@�6\VWHPH� ILQGHW� PDQ� DX�HU� EHL� PLNURELHOOHQ� )HUUHGR[LQHQ� DXFK� LQ� GHU� $FRQLWDVH

�$FRQLWDW�+\GUDWDVH��,VRPHUDVH��� ZR� VLH� LQ� HLQHU� 1LFKWUHGR[�5HDNWLRQ� GLH� (LQVWHOOXQJ� GHV

*OHLFKJHZLFKWV� LP�&LWUDW�=\NOXV�EHZLUNHQ�� >�)H��6@�6\VWHPH�WUHWHQ� LP�$XVWDXVFK�QHEHQ� ODELOHQ

>�)H��6@�&OXVWHUQ�DXI� �%LDQ�XQG�&RZDQ������ �



��

.RPSOH[HUH�>[)H�\6@�&OXVWHU�ILQGHW�PDQ�LP�3�&OXVWHU�GHU�1LWURJHQDVHQ�XQG�GHP�+�&OXVWHU�GHU

+\GURJHQDVHQ�� GHU� DXV� HLQHP� VXOILG�YHUEU�FNWHQ� >�)H��6@�� XQG� >�)H��6@�&OXVWHU� EHVWHKW�� VRZLH

LP� 3ULVPDQ�3URWHLQ�� ZHOFKHV� HLQHQ� �)H�&OXVWHU� HQWKlOW�� GHU� µ��6XOILGR� XQG� µ��2[R� %U�FNHQ

HQWKlOW�XQG�GXUFK�GUHL�&\V�5HVWH��HLQ�&\V�3HUVXOILG��]ZHL�*OX�5HVWH�XQG�HLQ�+LV�5HVW�JHEXQGHQ

LVW��$NWXHOOH�5HYLHZV�� �6WLFKW�XQG�5RHVFK������ ���-RKQVRQ���������%HLQHUW��������

0R�KDOWLJH�=HQWUHQ

'DV� HLQ]LJH� ELVODQJ� EHNDQQWH� PHKUNHUQLJH� HQ]\PDWLVFKH� 0R�KDOWLJH� =HQWUXP� ZLUG� LQ

1LWURJHQDVHQ� JHIXQGHQ�� 'LHVHV� (Q]\P� ZLUG� DXV� VWLFNVWRIIL[LHUHQGHQ� %DNWHULHQ� LVROLHUW� XQG

HQWKlOW� 0R� DOV� 7HLO� HLQHV� PHKUNHUQLJHQ� &OXVWHUV� DXV� (LVHQ�� 6FKZHIHO� XQG� 0RO\EGlQ�� 'LH

1LWURJHQDVH� VHW]W� VLFK� DXV� HLQHP�)H0R�3URWHLQ� �.LP��:RR�HW� DO�� ������XQG� HLQHP�)H�3URWHLQ

�*HRUJLDGLV��.RPL\D�HW�DO������� �]XVDPPHQ��'DV�KRPRGLPHUH�'LQLWURJHQDVH�5HGXNWDVH�3URWHLQ

EHVLW]W�HLQHQ�>�)H��6@�.XEDQ�&OXVWHU��ZlKUHQG�GDV� α�β��7HWUDPHU�GHU�'LQLWURJHQDVH�HLQ�)H0R�

3URWHLQ� PLW� ]ZHL� YHUVFKLHGHQHQ� &OXVWHUQ� EHLQKDOWHW�� 'HU� 3�&OXVWHU� EHVWHKW� DXV� ]ZHL� �EHU

7KLROJUXSSHQ� YHUEU�FNWHQ� >�)H��6@�&OXVWHUQ��'HU�)H0R�.RIDNWRU� EHVWHKW� DXV� HLQHP� >�)H��6@�

&OXVWHU��GHU��EHU�GUHL�6FKZHIHODWRPH�PLW�HLQHP�>0R��)H��6@�&OXVWHU�YHUEXQGHQ�LVW��$EE����

1HEHQ�GHQ�0R�KDOWLJHQ�1LWURJHQDVHQ�VLQG�DXFK�DOWHUQDWLYH�1LWURJHQDVHQ�EHNDQQW��GLH�VWDWW�GHV

0R�,RQV�HLQ�9DQDGLXP�,RQ��)H9�.RIDNWRU��RGHU�HLQ�(LVHQ�,RQ��)H)H�.RIDNWRU��HQWKDOWHQ��0DQ

ILQGHW�GLHVH�DOWHUQDWLYH�1LWURJHQDVHQ�QHEHQ�GHQ�0R�KDOWLJHQ�)RUPHQ�]�%��LQ� $]RWREDFWHU�YLQHODQGLL

VRZLH�WHLOZHLVH�DXFK�LQ�SKRWRV\QWKHWLVFKHQ�%DNWHULHQ�ZLH� 5KRGREDFWHU�FDSVXODWXV�

%LRFKHPLVFKH� 8QWHUVXFKXQJHQ� ]HLJHQ�� GD�� I�U� GLH� hEHUWUDJXQJ� HLQHV� (OHNWURQV� ]ZLVFKHQ� )H�

3URWHLQ�XQG�)H0R�3URWHLQ�]ZHL�$73�0ROHN�OH�K\GURO\VLHUW�ZHUGHQ� �%XUJHVV�XQG�/RZH������ �

'LH� NULVWDOORJUDSKLVFKH� 8QWHUVXFKXQJ� GHU� .RPSOH[VWUXNWXU� PLW� JHEXQGHQHP� $'3$O) �

�6FKLQGHOLQ�� .LVNHU� HW� DO�� ����� � ]HLJWH�� GD�� GLH� ]ZHL� GRFNHQGHQ� GLPHUHQ� )H�3URWHLQH� JU|�HUH

NRQIRUPDWLRQHOOH�bQGHUXQJHQ�GXUFKODXIHQ��LQ�GHUHQ�9HUODXI�GHU�>�)H��6@�&OXVWHU�DXI�HWZD����c

DQ�GHQ�3�&OXVWHU�GHV�)H0R�3URWHLQV�KHUDQU�FNW��'LH�5ROOH�GHU�$73�%LQGXQJ�N|QQWH�IROJOLFK�GLH

6WDELOLVLHUXQJ� GHV� JHVFKORVVHQHQ� *UHQ]IOlFKHQ�%HUHLFKHV� VHLQ�� 'LH� IROJHQGH� +\GURO\VH� GHV

7ULQXNOHRWLGHV�HUODXEW�GDQQ�GLH�'LVVR]LDWLRQ�GHV�)H�3URWHLQV�YRP�0R)H�3URWHLQ��ZRUDXIKLQ�GDV

)H�3URWHLQ�NRQIRUPDWLRQHOOH�bQGHUXQJHQ�]XU�$EJDEH�YRQ�$'3���3�GXUFKOlXIW�
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$EELOGXQJ �� 'HU (LVHQ�0RO\EGlQ�.RIDNWRU GHU 1LWURJHQDVH DXV $]RWREDFWHU YLQHODQGLL �.LP� :RR HW DO�
������

'LH�3RVLWLRQ�DQ�GHU�1 ��DQ�GHP�.RIDNWRU�ELQGHW�LVW�XQNODU�XQG�HV�ZHUGHQ�VRZRKO�HLQH� µ�η���η�

HQG�RQ�%LQGXQJ�GHV�0ROHN�OV�]ZLVFKHQ�]ZHL�)H�$WRPHQ�VRZLH�HLQH� VLGH�RQ�E]Z��HQG�RQ�η��%LQGXQJ

DQ�0R�GLVNXWLHUW� �%XUJHVV�XQG�/RZH������ �

1L��XQG�)H�KDOWLJH�(Q]\PH

1LFNHO�ZLUG� LQ� HLQHU�ZDFKVHQGHQ�=DKO�YRQ�(Q]\PHQ�JHIXQGHQ� �(UPOHU��*UDEDUVH� HW� DO�� ������

'DEHL�WULWW�GDV�(OHPHQW�LQ�HLQNHUQLJHQ�=HQWUHQ��0HWK\O�&R0�5HGXNWDVH� �(UPOHU��*UDEDUVH�HW�DO�

�������� KRPRQXNOHDUHQ� ]ZHLNHUQLJHQ� =HQWUHQ� �8UHDVH� �-DEUL�� &DUU� HW� DO�� �������� VRZLH� LQ

KHWHURQXNOHDUHQ�=HQWUHQ�GHU�&2�'HK\GURJHQDVH��$FHW\O�&R$�6\QWKDVH�XQG�+\GURJHQDVH�DXI�

Fe2
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[NiFe] Cluster der
Ni,Fe Hydrogenase

$EELOGXQJ �� 'LH DNWLYHQ =HQWUHQ GHU EHNDQQWHQ PHWDOOKDOWLJHQ +\GURJHQDVHQ �QDFK �3HWHUV ������� )H�RQO\
+\GURJHQDVHQ WUDJHQ GHQ � )H�KDOWLJHQ +�&OXVWHU LQ LKUHP DNWLYHQ =HQWUXP� 'LH =XRUGQXQJ GHV /LJDQGHQ ; I�U GLH
>1L)H@�+\GURJHQDVHQ LVW QLFKW HLQGHXWLJ� :lKUHQG GHU %U�FNHQOLJDQG LQ GHU R[LGLHUWHQ '� JLJDV 6WUXNWXU DOV 2��

LQWHUSUHWLHUW ZXUGH� ]HLJWH GLH '� YXOJDULV 6WUXNWXU LQ GHU R[LGLHUWHQ )RUP HLQHQ 6XOILGR�/LJDQGHQ� GHU QDFK 5HGXNWLRQ
GHV =HQWUXPV PLW +� IHKOW �+LJXFKL� 2JDWD HW DO� ������ >1L)H6H@�+\GURJHQDVHQ EHVLW]HQ HLQ lKQOLFKHV =HQWUXP� ZLH
>1L)H@�+\GURJHQDVHQ� ZREHL HLQHU GHU 1L�ELQGHQGHQ &\VWHLQ�5HVWH GXUFK 6HOHQRF\VWHLQH HUVHW]W LVW �*DUFLQ� 9HUQHGH
HW DO� ������

$OOH�EHNDQQWHQ�PHWDOOKDOWLJHQ�+\GURJHQDVH�6\VWHPH�EDVLHUHQ� LP�DNWLYHQ�=HQWUXP�HQWZHGHU�DXI

HLQHP�]ZHLNHUQLJHQ�>1L)H@�=HQWUXP�RGHU�GHP�)H�KDOWLJHQ�+�=HQWUXP��$EE�����'LH�(QWIHUQXQJ

HLQHV� 6�� RGHU�2�KDOWLJHQ� %U�FNHQOLJDQGHQ� ]ZLVFKHQ�1L� XQG� )H� GXUFK� 5HGXNWLRQ� GHV� (Q]\PV



��

VRZLH� DXFK� VSHNWURVNRSLVFKH� %HIXQGH� VSUHFKHQ� I�U� HLQ� YHUEU�FNHQGHV� +\GULG�,RQ� LQ� GHU

UHGX]LHUWHQ�)RUP�GHU�>1L)H@�+\GURJHQDVH�

.RKOHQPRQR[LG��&2��'HK\GURJHQDVHQ

&2� LVW� HLQ� JHUXFK�� XQG� IDUEORVHV� JLIWLJHV�*DV�� GHVVHQ�*LIWLJNHLW� DXI� VHLQHU� KRKHQ�$IILQLWlW� ]X

+lPRJORELQ�XQG�WHUPLQDOHQ�&\WRFKURP�2[LGDVHQ�EHUXKW�

'LH�HQ]\PDWLVFKH�$NWLYLHUXQJ�YRQ�&2�]XU�%LOGXQJ�YRQ�&2 � VSLHOW�HLQH�HQWVFKHLGHQGH�5ROOH�LP

JOREDOHQ� .RKOHQVWRII�.UHLVODXI�� (V� LVW� GLH� ]HQWUDOH� 6WRIIZHFKVHOUHDNWLRQ� HLQHU� PDQQLJIDOWLJHQ

*UXSSH� YRQ� DHUREHQ� XQG� DQDHUREHQ�%DNWHULHQ� XQG�$UFKDHHQ� �)HUU\� ������� GLH� DXIJUXQG� LKUHU

+DELWDWH�XQG�&2�9HUZHQGXQJHQ�XQWHUVFKLHGHQ�ZHUGHQ�N|QQHQ��(WZD���������7J�&2�SUR�-DKU

ZHUGHQ�GXUFK�%RGHQPLNURRUJDQLVPHQ�XPJHVHW]W� �6DQKXH]D��'RQJ� HW� DO�� ����� �� GLH�GDPLW� ]XP

*OHLFKJHZLFKW� ]ZLVFKHQ� GHU� (QWVWHKXQJ� XQG� GHU� 8PVHW]XQJ� YRQ� &2� EHLWUDJHQ� �0R[OH\� XQG

6PLWK� ������� 'LH� 8PVHW]XQJ� YRQ� &2� GXUFK�0LNUREHQ� YROO]LHKW� VLFK� LP� ZHVHQWOLFKHQ� LQ� GHQ

REHUHQ�%RGHQVFKLFKWHQ�XQWHU�DHUREHQ�%HGLQJXQJHQ��GHU�+DXSWVHQNH�YRQ�DWPRVSlULVFKHP�&2�

(Q]\PH�� GLH� GLH� 2[LGDWLRQ� YRQ� &2� E]Z�� GLH� 5HGXNWLRQ� YRQ� &2 �� NDWDO\VLHUHQ� KHL�HQ� &2�

'HK\GURJHQDVHQ�� :lKUHQG� SKRWRWURSKH� $QDHURELHU� 1L�)H�KDOWLJH� (Q]\PH� QXW]HQ� �5DJVGDOH

XQG�.XPDU� ������� ILQGHW�PDQ� EHL� DHUREHQ�0LNURRUJDQLVPHQ�0R�KDOWLJH� (Q]\PH� �0RHUVGRUI�

)UXQ]NH� HW� DO�� ����� �� %HLGH� (Q]\PW\SHQ� YHUZHQGHQ� HLQ]LJDUWLJH� +HWHURPHWDOO�.RIDNWRUHQ� ]XU

$NWLYLHUXQJ�YRQ�&2�ZLH�+ ��

1LFNHO�KDOWLJH�&2�'HK\GURJHQDVHQ

1LFNHO�KDOWLJH� &2�'HK\GURJHQDVHQ� VLQG� GLH� 6FKO�VVHOHQ]\PH� YLHOHU� %DNWHULHQ� XQG� P�VVHQ

XQWHUVFKLHGHQ� ZHUGHQ� LQ� GLH� PRQRIXQNWLRQHOOHQ� &2�'HK\GURJHQDVHQ� XQG� GLH� ELIXQNWLRQHOOHQ

&2�'H\GURJHQDVHQ�$FHW\O�&R$�6\QWKDVHQ��5HYLHZ�� �5DJVGDOH�XQG�.XPDU������ ��

'LH� 1LFNHO�KDOWLJHQ� &2�'HK\GURJHQDVHQ� GHU� SKRWRWURSKHQ� 3XUSXU�%DNWHULHQ� � 5KRGRVSLULOOXP

UXEUXP��5KRGRF\FOXV�JHODWLQRVXV��XQG�&DUER[\GRWKHUPXV�K\GURJHQRIRUPDQV�GLHQHQ�GHU�NDWDEROHQ�1XW]XQJ

YRQ�&2��%RQDP�XQG�/XGGHQ������ �

'DV� 6FKO�VVHOHQ]\P� GHU� &2�2[LGDWLRQ� EHL� 5�� UXEUXP� LVW� HLQH� QLFNHO�KDOWLJH� PRQRIXQNWLRQHOOH

&2�'HK\GURJHQDVH� �%RQDP�XQG�/XGGHQ������ ��GLH�XQWHU�DQDHUREHQ�%HGLQJXQJHQ�LP�'XQNHOQ

LQ�$QZHVHQKHLW�YRQ�&2�LQGX]LHUW�ZLUG�XQG�ZLH�GLH�0R�KDOWLJHQ�&2�'HK\GURJHQDVHQ�HLQH�KRKH

$IILQLWlW� I�U� &2� EHVLW]W�� (LQ� &2�'HK\GURJHQDVH� 0RQRPHU� EHVWHKW� DXV� HLQHU� ���N'D

8QWHUHLQKHLW� PLW� ]ZHL� 0HWDOO]HQWUHQ�� HLQHP� 1LFNHO�(LVHQ�6FKZHIHO�=HQWUXP� �&OXVWHU�&�� XQG

HLQHP� >�)H��6@�=HQWUXP� �&OXVWHU�%��� 6SHNWURVNRSLVFKH� 8QWHUVXFKXQJHQ� ODVVHQ� YHUPXWHQ�� GD�

&2�DP�&OXVWHU�&�JHEXQGHQ�XQG�XPJHVHW]W�ZLUG�



(LQOHLWXQJ ��

'LH� QLFNHO�KDOWLJHQ� ELIXQNWLRQHOOHQ� &2�'H\GURJHQDVHQ�$FHW\O�&R$�6\QWKDVHQ� GHU� DQDHUREHQ

DFHWRJHQHQ�XQG�VXOIDWUHGX]LHUHQGHQ�%DNWHULHQ�XQG�GHU�PHWKDQRJHQHQ�$UFKDHHQ�KDEHQ�DQDEROH

)XQNWLRQ�XQG�NDWDO\VLHUHQ�GLH�5HGXNWLRQ�YRQ�&2 �� ]X� HQ]\PJHEXQGHQHP�&2�� GDV� ]XU�$FHW\O�

&R$�6\QWKHVH� ZHLWHUYHUZHQGHW� ZLUG�� 'LH� (Q]\PH� EHVLW]HQ� RIIHQVLFKWOLFK� JHWUHQQWH� DNWLYH

=HQWUHQ�I�U�EHLGH�$NWLYLWlWHQ��GLH�ZDKUVFKHLQOLFK�DQ�GHQ�EHLGHQ�XQWHUVFKLHGOLFKHQ�1LFNHO�(LVHQ�

6FKZHIHO�=HQWUHQ��&OXVWHU�$�XQG��&��ORNDOLVLHUW�VLQG�

0RO\EGlQ�KDOWLJH�&2�'HK\GURJHQDVHQ

&DUER[LGRWURSKH�%DNWHULHQ

&DUER[LGRWURSKH� %DNWHULHQ� ]HLFKQHQ� VLFK� GXUFK� GLH� DHUREH�� UHVSLUDWRULVFKH�

FKHPROLWKRDXWRWURSKH�1XW]XQJ�YRQ�&2�DOV�DOOHLQLJHU�.RKOHQVWRII��XQG�(QHUJLHTXHOOH�DXV� �0H\HU

XQG�6FKOHJHO��������0H\HU�XQG�6FKOHJHO������ ��0H\HU�XQG�6FKOHJHO������ ��0H\HU��)UXQ]NH�HW�DO�

�������0H\HU��)UXQ]NH�HW�DO������� �

'LH� XELTXLWlU� YHUEUHLWHWHQ� FDUER[LGRWURSKHQ� %DNWHULHQ� ELOGHQ� HLQH� VWRIIZHFKVHOSK\VLRORJLVFKH

*UXSSH�� GHVVHQ� EHVWXQWHUVXFKWHU� 9HUWUHWHU� 2OLJRWURSKD� FDUER[LGRYRUDQV� 20�� LVW�� 7D[RQRPLVFK

JOLHGHUW�PDQ�GLHVHV�3URWHREDNWHULXP�LQ�GLH� α�6XENODVVH�

'LH�DXV�GHU�&2�2[LGDWLRQ�IUHLZHUGHQGHQ�(OHNWURQHQ�ZHUGHQ�]XP�$XIEDX�HLQHV�3URWRQHQ��XQG

/DGXQJVJUDGLHQWHQ� �EHU� GLH� F\WRSODVPDWLVFKH� 0HPEUDQ� JHQXW]W�� GHU� GLH� DQVFKOLH�HQGH

(QHUJLHJHZLQQXQJ�PLWWHOV�R[LGDWLYHU�3KRVSKRU\OLHUXQJ�HUP|JOLFKW� �&\SLRQND�XQG�0H\HU������ �

'LH�$VVLPLODWLRQ�YRQ�&2 ��HUIROJW�GXUFK�GLH�(Q]\PH�GHV�&DOYLQ�=\NOXV� �6DQWLDJR��6FK�EHO�HW�DO�

������� 1HEHQ� GHP� &2�DXWRWURSKHQ� :DFKVWXP� NDQQ� 2�� FDUER[LGRYRUDQV� DXFK� PLW� +�� DOV

(QHUJLHTXHOOH� XQG� &2 �� DOV� &�4XHOOH� ZDFKVHQ�� +LHUEHL� �EHUQLPPW� HLQH� PHPEUDQJHEXQGHQH

$XIQDKPH�+\GURJHQDVH�GLH�2[LGDWLRQ�YRQ�+ ���6DQWLDJR�XQG�0H\HU������ �

'LH�&2�'HK\GURJHQDVH�YRQ� 2�� FDUER[LGRYRUDQV� OLHJW� LQ�GHU� ORJDULWKPLVFKHQ�:DFKVWXPVSKDVH�]X

HWZD� ���� PHPEUDQDVVR]LLHUW� YRU�� GLVVR]LHUW� MHGRFK� EHLP� hEHUJDQJ� LQ� GLH� VWDWLRQlUH

:DFKVWXPVSKDVH� YRQ� GHU� ,QQHQVHLWH� GHU�&\WRSODVPDPHPEUDQ� DE� XQG� OLHJW� GDQQ� QXU� QRFK� ]X

HWZD� ����PHPEUDQDVVR]LLHUW� YRU� �5RKGH��0D\HU� HW� DO�� ����� �� 'LH� JHQHULHUWHQ� (OHNWURQHQ� GHU

&2�2[LGDWLRQ� �&2� �� + �2� �!� &2�� �� �� +
�� �� �H��� IOLH�HQ� �EHU� GHQ� SK\VLRORJLVFKHQ

(OHNWURQHQDN]HSWRU�� GDV� PHPEUDQJHEXQGHQH� &\WRFKURP� E
���
� LQ� GLH� &2�LQVHQVLWLYH

(OHNWURQHQWUDQVSRUWNHWWH��(LQ�SK\VLRORJLVFKHU�.RPSOH[�GHU�EHLGHQ�3URWHLQH�ZXUGH� LVROLHUW�XQG

ZLHV� HLQH� ���� 6W|FKLRPHWULH� ]ZLVFKHQ� &\WRFKURP� XQG� &2�'HK\GURJHQDVH� 'LPHU� DXI�� 'HU

ZHLWHUH� (OHNWURQHQIOX�� JHKW� DXI� HLQ� QHXDUWLJHV� &2�LQVHQVLWLYHV� E�7\S� &\WRFKURP�� GDV� DOV

WHUPLQDOH�2[LGDVH�GLHQW��'HU�UHVXOWLHUHQGH�HOHNWURFKHPLVFKH�*UDGLHQW�ZLUG�]XU�5HJHQHUDWLRQ�YRQ

$73�JHQXW]W��&\SLRQND�XQG�0H\HU������ �



��

&2�'HK\GURJHQDVH�ILQGHW�LQ�GHP�FDUER[LGRWURSKHQ�%DNWHULXP� 6WUHSWRP\FHV�WKHUPRDXWRWURSKLFXV�HLQH

ZHLWHUH�9HUZHQGXQJ� DOV�7HLO� HLQHV�&2�JHWULHEHQHQ�1LWURJHQDVH�6\VWHPV� �5LEEH��*DGNDUL� HW� DO�

�������'LH�]XU�5HGXNWLRQ�GHV�1 ��EHQ|WLJWHQ�(OHNWURQHQ�ZHUGHQ�GXUFK�GLH�&2�'HK\GURJHQDVH

DEKlQJLJH�&2�2[LGDWLRQ�EHUHLWJHVWHOOW�XQG�DXI�2 ��XQWHU�%LOGXQJ�YRQ�6XSHUR[LGDQLRQ�5DGLNDOHQ

�2�
��� �EHUWUDJHQ��(LQH�0Q�KDOWLJH� 6XSHUR[LG�2[LGRUHGXNWDVH� R[LGLHUW� GDV� JHELOGHWH�2 �

�� ]X�2�

]XU�FN�XQG�LVW�GHU�SULPlUH�(OHNWURQHQGRQRU�GHU�'LQLWURJHQDVH� �5LEEH��*DGNDUL�HW�DO������� �

.DWDO\WLVFKH�(LJHQVFKDIWHQ�GHU�&2�'HK\GURJHQDVH

&2�'HK\GURJHQDVH� NDQQ� LQ� YLWUR� HLQH� 5HLKH� DUWHIL]LHOOHU� (OHNWURQHQDN]HSWRUHQ� QXW]HQ�� GLH� LQ

(UPDQJHOXQJ� GHV� SK\VLRORJLVFKHQ� (OHNWURQHQDN]HSWRUV� LQ� NLQHWLVFKHQ� 8QWHUVXFKXQJHQ

YHUZHQGHW�ZHUGHQ��'LH�VLFK�HUJHEHQGH�0LFKDHOLV�0HQWHQ�.RQVWDQWH�GHU�&2�'HK\GURJHQDVH�DXV

2��FDUER[LGRYRUDQV�I�U�&2�ZXUGH�EHL����&�]X���� µ0��0H\HU��)UXQ]NH�HW�DO������� �EHVWLPPW��'LH

NDWDO\WLVFKH�.RPSHWHQ]�GHU�&2�'HK\GURJHQDVH�]XU�+ ��2[LGDWLRQ�EHWUlJW�QXU�HWZD��������GHU

&2�R[LGLHUHQGHQ�$NWLYLWlW��'LH�)lKLJNHLW�]XU�2 ��5HGXNWLRQ�XQWHU� WXUQRYHU�%HGLQJXQJHQ�I�KUW�]XU

%LOGXQJ� YRQ� 6XSHUR[LGDQLRQ�5DGLNDOHQ� �2 �
��� �HWZD� ���� GHU� (OHNWURQHQ��� VRZLH

:DVVHUVWRIISHUR[LG� �+ �2��� �������GHU�(OHNWURQHQ���'LH�%LOGXQJ� GLHVHU� UHDNWLYHQ�'LVDXHUVWRII�

6SH]LHV�I�KUW�]XU�VFKQHOOHQ�,QDNWLYLHUXQJ�GHV�(Q]\PV�

&KHPLVFKH�XQG�SK\VLNDOLVFKH�(LJHQVFKDIWHQ�YRQ�&2�'HK\GURJHQDVH

&2�'HK\GURJHQDVHQ� GHU� DHUREHQ� FDUER[LGRWURSKHQ� %DNWHULHQ� VLQG� 0RO\EGR�(LVHQ�6FKZHIHO�

)ODYRSURWHLQH��0H\HU��)UXQ]NH�HW�DO������� �XQG�JHK|UHQ�]XU�*UXSSH�GHU�0RO\EGlQ�+\GUR[\ODVHQ

�;DQWKLQ�2[LGDVH� )DPLOLH��� 2EZRKO� &2�'HK\GURJHQDVH� QLFKW� GLH� 8PVHW]XQJ� HLQHV� 5�+

6XEVWUDWHV�NDWDO\VLHUW��]HLJW�GLH�5HDNWLRQ�NODUH�3DUDOOHOHQ�]X�GHQ�NDWDO\VLHUWHQ�5HDNWLRQHQ�DQGHUHU

0RO\EGlQ�+\GUR[\ODVHQ��'DV�(Q]\P�EHVWHKW� DXV� HLQHP� �/06� �� VWUXNWXULHUWHQ�+HWHURKH[DPHU�

XQWHUJOLHGHUW�LQ�GLH�/�8QWHUHLQKHLWHQ��&R[/���������N'D���GLH�0�8QWHUHLQKHLWHQ��&R[0��������

N'D��XQG�6�8QWHUHLQKHLWHQ��&R[6���������N'D��PLW�HLQHU�*HVDPWPDVVH�I�U�GDV�+RORHQ]\P�YRQ

�������� N'D�� 'HU� LVRHOHNWULVFKH� 3XQNW� S,� QDWLYHU� &2�'HK\GURJHQDVH� OLHJW� EHL� ���� �0H\HU�

)UXQ]NH�HW�DO������� �

$OV� SURVWKHWLVFKH� *UXSSHQ� ZXUGHQ� ]ZHL� 0ROHN�OH� GHV� 0RO\EGlQ�.RIDNWRUV�� 0RO\EGRSWHULQ�

&\WRVLQ�'LQXNOHRWLG��0&'���]ZHL�0ROHN�OH�)ODYLQ�$GHQLQ�'LQXNOHRWLG��)$'��XQG�MH�]ZHL�(35�

VSHNWURVNRSLVFK�XQWHUVFKHLGEDUH�>�)H�6@�=HQWUHQ�YRP�7\S�,�XQG�7\S�,,�JHIXQGHQ� �0H\HU������

�%UD\��*HRUJH�HW�DO������� �

&2�'HK\GURJHQDVH�Ol�W�VLFK�GXUFK�,QNXEDWLRQ�PLW�1D�6HOHQLW��1D �6H2���VWDELO�DNWLYLHUHQ� �0H\HU

XQG�5DMDJRSDODQ������ ��5DGLRDNWLY�PDUNLHUWHV� ��6H�6HOHQLW�]HLJWH�GDEHL��GD��GLH�$NWLYLHUXQJ�GXUFK

GHQ�(LQEDX�YRQ������ELV�����PRO� ��6H�LQ�GDV�(Q]\P�YHUXUVDFKW�ZLUG��ZHOFKHV�NRYDOHQW�JHEXQGHQ



(LQOHLWXQJ ��

LP�(Q]\P�YRUOLHJW��'LH�(UJHEQLVVH�ZXUGHQ�DXI�GDV�9RUKDQGHQVHLQ�HLQHV�+HWHURWULVXOILGV� �5�6�
��6H�6�5��KLQ�LQWHUSUHWLHUW� �0H\HU�XQG�5DMDJRSDODQ������ �

0ROHNXODUELRORJLVFKH�$VSHNWH�GHU�&2�'HK\GURJHQDVH�YRQ�2��FDUER[LGRYRUDQV

'LH�GUHL�8QWHUHLQKHLWHQ�GHU�&2�'HK\GURJHQDVH�ZHUGHQ�YRQ�GUHL�6WUXNWXUJHQHQ� FR[/��FR[0�XQG

FR[6�NRGLHUW��,Q�2�� FDUER[LGRYRUDQV�VLQG�GLHVH�6WUXNWXUJHQH�DXI�GHP�����NE�JUR�HQ�0HJDSODVPLG

S+&*�� LQ� GHU� WUDQVNULSWLRQDOHQ� 5HLKHQIROJH� �¶� FR[0�!FR[6�!FR[/��¶� DQJHRUGQHW� �.UDXW�

+XJHQGLHFN�HW�DO������� ��6FK�EHO��.UDXW�HW�DO������� �

(LQ�9HUJOHLFK�GHU�6HTXHQ]HQ�GHU�GUHL�*HQH�PLW�DQGHUHQ�0RO\EGlQ�+\GUR[\ODVHQ�]HLJW�GLH�KRKH

+RPRORJLH�]X�GLHVHQ�(Q]\PHQ�

'LH�6WUXNWXUJHQH�ELOGHQ�]XVDPPHQ�PLW�QHXQ�ZHLWHUHQ�DN]HVVRULVFKHQ�*HQHQ�� FR[%&'()*+,.�

GDV� FR[�*HQFOXVWHU� �6DQWLDJR�� 6FKXEHO� HW� DO�� ����� �� 1HEHQ� GHP� VWUXNWXUHOOHQ� *HQVXEFOXVWHU

FR[06/�OLHJW�HLQ�ZHLWHUHU�6XEFOXVWHU�GHU�DN]HVVRULVFKHQ�*HQH� FR['()*�YRU�

=LHOVHW]XQJ�GHU�$UEHLW

=LHO�GLHVHU�$UEHLW�ZDU�HV��GLH�6WUXNWXUHQ�GHU�&2�'HK\GURJHQDVHQ�YRQ� 2��FDUER[LGRYRUDQV�XQG�+�

SVHXGRIODYD� NULVWDOORJUDSKLVFK� DXI]XNOlUHQ�� ,P� ZHLWHUHQ� 9HUODXI� VROOWH� HLQ� GHWDLOOLHUWHV� %LOG� GHV

DNWLYHQ� =HQWUXPV� EHL� K|FKVWHU� $XIO|VXQJ� JHZRQQHQ� ZHUGHQ�� GDV� ]XVDPPHQ� PLW� GHU

&KDUDNWHULVLHUXQJ� YHUVFKLHGHQHU� NDWDO\WLVFKHU� =XVWlQGH�� ]XU� (QWZLFNOXQJ� HLQHU� 7KHRULH� ]XP

5HDNWLRQVPHFKDQLVPXV�GHU�&2��XQG�+ ��2[LGDWLRQ�I�KUHQ�N|QQWH�



��

0DWHULDO�XQG�0HWKRGHQ

7KHRUHWLVFKHU�+LQWHUJUXQG�GHU�3URWHLQNULVWDOORJUDSKLH

'LH� *UXQGSULQ]LSLHQ� GHU� .ULVWDOORJUDSKLH� ZHUGHQ�� WHLOZHLVH� XQWHU� EHVRQGHUHU� :�UGLJXQJ� GHU

3UREOHPH� XQG� 0HWKRGHQ� GHU� 3URWHLQDQDO\VH� X�D�� LQ� IROJHQGHQ� /HKUE�FKHUQ� EHVFKULHEHQ� XQG

HUOlXWHUW�� �%OXQGHOO�XQG�-RKQVRQ������ ���%XHUJHU���������'UHQWK���������*LDFRYD]]R��0RQDFR�HW

DO����������*OXVNHU��/HZLV�HW�DO������� ���0DVVD���������6WRXW�XQG�-HQVHQ������ �

$XI� GHQ� WKHRUHWLVFKHQ� +LQWHUJUXQG� GHU� .ULVWDOORJUDSKLH� XQG� GHU� LKU� HLJHQHQ� 3UREOHPH� ZLUG

YHUZLHVHQ��ZR�HV�]XU�,QWHUSUHWDWLRQ�GHU�(UJHEQLVVH��E]Z��]XP�9HUVWlQGQLV�GHU�9RUJHKHQVZHLVH

QRWZHQGLJ�HUVFKHLQW�

&U\RNULVWDOORJUDSKLH

'DV� (LQIULHUHQ� YRQ� .ULVWDOOHQ� XQWHU� %HLEHKDOWXQJ� LKUHU� NULVWDOOLQHQ� ,QWHJULWlW� NDQQ� ]X� HLQHP

QRWZHQGLJHQ�� GLH� 'DWHQVDPPOXQJ� YRUEHUHLWHQGHQ� 6FKULWW� ZHUGHQ�� ZHQQ� LQWHQVLYH

5|QWJHQVWUDKOXQJ� GHQ� .ULVWDOO� VFKlGLJW�� 'D� GLHVHU� 'RVLV�DEKlQJLJH� 3UR]HVV� GXUFK� WLHIH

7HPSHUDWXUHQ�YHUODQJVDPW�ZLUG��ZHUGHQ�.ULVWDOOH�DP�6\QFKURWURQ�KlXILJ�EHL�����.�YHUPHVVHQ�

%HL�PXOWLSOH�ZDYHOHQJWK�DQRPDORXV�GLVSHUVLRQ��0$'��0HVVXQJHQ��GLH� ]XP�(UKDOW� GHU� ,VRPRUSKLH� GLH

6DPPOXQJ�PHKUHUHU�'DWHQVlW]H� YRQ� HLQHP�.ULVWDOO� YRUDXVVHW]HQ�� LVW� GDV�.�KOHQ� GHU�.ULVWDOOH

YRQ�HQWVFKHLGHQGHU�%HGHXWXQJ��$NWXHOOH�5HYLHZV�� �5RGJHUV�������*DUPDQ�XQG�6FKQHLGHU������

*DUPDQ��������

(LQ�ZHLWHUHU�$VSHNW�GHV�.�KOHQV� LVW�GLH�0|JOLFKNHLW� LQVWDELOH�=XVWlQGH� LP�JHIURUHQHQ�=XVWDQG

ZHLWJHKHQG� ]X� NRQVHUYLHUHQ�� 6R� N|QQHQ� ]�%�� VDXHUVWRIIHPSILQGOLFKH� =XVWlQGH� LP� JHIURUHQHQ

=XVWDQG� XQWHU� JHULQJHP� $XIZDQG� DQR[\JHQ� JHKDOWHQ� ZHUGHQ�� HEHQVR� N|QQHQ� UHDNWLYH

=ZLVFKHQ]XVWlQGH� GHU� (Q]\PNDWDO\VH� FKDUDNWHULVLHUW� ZHUGHQ� � IUHH]H� WUDSSLQJ��� LQGHP� GLH

:HLWHUUHDNWLRQ�GXUFK�GLH�QLHGULJH�7HPSHUDWXU�YHUODQJVDPW�ZLUG�

'D� GLH� (LVNULVWDOOELOGXQJ�� GLH� VLFK� LP� 'LIIUDNWLRQVELOG� ]HLJW� XQG� ]XGHP� GHQ� 3URWHLQNULVWDOO

VFKlGLJHQ�NDQQ��PHLVW�YRQ�HLQHP�)O�VVLJNHLWVILOP�DXI�GHU�2EHUIOlFKH�GHV�.ULVWDOOV��KWWS���ZZZ�

VWUXFWXUH�OOQO�JRY�;UD\�FU\R�QRWHV�&U\RQRWHV�KWPO�� DXVJHKW�� N|QQHQ� ]XU� 9HUPHLGXQJ� GLHVHV

9RUJDQJV�]ZHL�YHUVFKLHGHQH�7HFKQLNHQ�DQJHZDQGW�ZHUGHQ�

D��� GLH� NRQYHQWLRQHOOH� 0HWKRGH� EHVWHKW� GDULQ�� ]XP� .ULVWDOOLVDWLRQVSXIIHU� HLQH

&U\RSURWHNWDQ]O|VXQJ� EHL]XPLVFKHQ�� GLH� GLH� (LVNULVWDOOELOGXQJ� YHUKLQGHUW�� 1DFKWHLO� GLHVHU

LQYDVLYHQ�7HFKQLN�LVW�GLH�RIW�DXIWUHWHQGH�6FKlGLJXQJ�GHV�.ULVWDOOV� �0LWFKHOO�XQG�*DUPDQ������ �



0DWHULDO XQG 0HWKRGHQ ��

E��� HLQH� QLFKW�LQYDVLYH� 0HWKRGH� EHVWHKW� GDULQ�� GLH� .ULVWDOO�XPJHEHQGH� /|VXQJ� YROOVWlQGLJ� ]X

HQWIHUQHQ�XQG�GXUFK�HLQ�JODVDUWLJ�HUVWDUUHQGHV�gO�]X�HUVHW]HQ��1DFKWHLO�GLHVHU�VHOWHQ�HLQJHVHW]WHQ

7HFKQLN�LVW�GLH�KlXILJ�DXIWUHWHQGH�(UK|KXQJ�GHU�0RVDL]LWlW�GHV�.ULVWDOOV�

&2�'HK\GURJHQDVH� .ULVWDOOH� ZXUGHQ� QDFK� EHLGHQ� 7HFKQLNHQ� JHIURUHQ�� 'DEHL� IDQGHQ� �5��5�

%XWDQGLRO� XQG�*\FHULQ� LQ�GHU� LQYDVLYHQ�0HWKRGH� XQG�SRO\IOXRULHUWHV�3RO\HWK\OHQ|O� �3)3(�gO�

VRZLH�HLQH�����0LVFKXQJ�YRQ�GLFNIO�VVLJHP�3DUDIILQ�Q�+HSWDQ� LQ�GHU�QLFKW�LQYDVLYHQ�0HWKRGH

LP�=XVDPPHQVSLHO�PLW�GHU�.ULVWDOOWUDQVIRUPDWLRQ�$QZHQGXQJ�

.ULVWDOOH�� GLH� QDFK� GHP� (LQIULHUHQ� (LVULQJH� ]HLJWHQ�� E]Z�� 6FKlGLJXQJHQ� ZlKUHQG� GHV

(LQIULHUYRUJDQJHV�HUOLWWHQ�KDWWHQ��ZXUGHQ�GXUFK� DQQHDOLQJ�GHV�.ULVWDOOV�YHUEHVVHUW� �+DUS��+DQVRQ

HW�DO��������

.ULVWDOOWUDQVIRUPDWLRQ�XQG�'HULYDWLVLHUXQJ

'LH�7UDQVIRUPDWLRQ� GHU�.ULVWDOOH�ZXUGH� DXI� GHP� IUHH�PRXQWLQJ� 6\VWHP� �.LHIHUVDXHU�� 7KDQ� HW� DO�

������DXVJHI�KUW��)�U�GLH�'DWHQPHVVXQJ�EHL�5�7��ZXUGH�HLQH�7UlJHUNDSLOODUH�YHUZHQGHW��DQ�GHUHQ

6SLW]H�GHU�.ULVWDOO�PRQWLHUW�ZXUGH��)�U�GLH�0HVVXQJ�DP�6\QFKURWURQ�ZXUGHQ�.ULVWDOOH� LQ�HLQHP

FU\R�ORRS�XQWHU�gO�WUDQVIRUPLHUW�XQG�DQVFKOLHVVHQG�DXI�GLH�7HPSHUDWXU�YRQ�IO��1 ��JHN�KOW�

5HGX]LHUWH� &2�'HK\GURJHQDVH� .ULVWDOOH� ZXUGHQ� XQWHU� DQR[LVFKHQ� %HGLQJXQJHQ� YHUPHVVHQ�

ZREHL� LKUH� JDVI|UPLJHQ� 6XEVWUDWH� DOV� 7HLOH� GHV� 7UlJHUJDVHV� HLQJHVHW]W� ZXUGHQ�� $OV� 7UlJHUJDVH

ZXUGHQ� 6WLFNVWRII�� E]Z�� 6WLFNVWRIIPLVFKXQJHQ� KRKHU� 5HLQKHLW� �)LUPD� /LQGH�� 5HLQKHLW�� ��������

YHUZHQGHW�

'DWHQVDPPOXQJ�XQG�¥DXVZHUWXQJ

=XU�0HVVXQJ�YRQ�'LIIUDNWLRQVGDWHQ�EHL�5�7��ZXUGHQ�.ULVWDOOH�LQ�VLODQLVLHUWHQ�4XDU]NDSLOODUHQ�PLW

HLQHP�,QQHQGXUFKPHVVHU�YRQ��������PP�PRQWLHUW��'LH�.ULVWDOOH�ZXUGHQ�PLW�HLQHU�3LSHWWH�LQ�GLH

.DSLOODUH� JHVDXJW� XQG� PLW� )LOWHUSDSLHUVWUHLIHQ� YRP� /|VXQJVPLWWHO� EHIUHLW�� %HLGH� (QGHQ� GHU

.DSLOODUH�ZXUGHQ�PLW�HLQHP�7URSIHQ�GHV�(UQWHSXIIHUV�YHUVHKHQ�XQG�PLW�+DUYDUG�'HQWDOZDFKV

YHUVFKORVVHQ�

'LH� DWRPDU� XQG� QDKH�DWRPDU� DXIJHO|VWHQ� 'DWHQVlW]H�� ZLH� DXFK� GLH� 'DWHQVlW]H� ]XU� 0$'

3KDVLHUXQJ� GHU� &2�'HK\GURJHQDVH� 6WUXNWXU� ZXUGHQ� DQ� GHU� :LJJOHU� %HDPOLQH� %:�� �'(6<�

+$6</$%�� +DPEXUJ�� DXIJHQRPPHQ�� $OOH� .ULVWDOOH� DP� 6\QFKURWURQ� ZXUGHQ� LP� JHIURUHQHQ

=XVWDQG�YHUPHVVHQ� �����.�� XQG�GLH�'LIIUDNWLRQVELOGHU�PLW�0DU�5HVHDUFK � &KDUJH�&RXSOHG�'HYLFH�

'HWHNWRUHQ��0DU&&'��DXIJHQRPPHQ�

'DWHQVlW]H�YRQ�WUDQVIRUPLHUWHQ�.ULVWDOOHQ�EHL��������&�ZXUGHQ�DXI� ,PDJH�3ODWH�6\VWHPHQ��0DU,3�

DXIJHQRPPHQ��GLH�GLH�JHEHXJWHQ�6WUDKOHQ�HLQHV�'UHKDQRGHQ�5|QWJHQJHQHUDWRU�GHWHNWLHUWHQ��'LH

'DWHQVlW]H� I�U�&2�'HK\GURJHQDVH�YRQ �+��SVHXGRIODYD�ZXUGHQ�HEHQIDOOV� DQ�HLQHP�'UHKDQRGHQ�

5|QWJHQJHQHUDWRU�YHUPHVVHQ�



��

=XU� %HVWLPPXQJ� GHU� .ULVWDOORULHQWLHUXQJ�� 5DXPJUXSSH�� (OHPHQWDU]HOOSDUDPHWHU� VRZLH� ]XU

,QWHJUDWLRQ� GHU� 5HIOH[LQWHQVLWlWHQ� ZXUGHQ� GLH� 3URJUDPPH� 026)/0�;;� �/HVOLH� ������ XQG

'(1=2� �2WZLQRZVNL� XQG� 0LQRU� ����� � HLQJHVHW]W�� 'LH� 'DWHQUHGXNWLRQ� ZXUGH� PLW� GHQ

3URJUDPPHQ� 6&$/$� �&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW� 1R�� �� ����� �� 7581&$7(

�&ROODERUDWLYH�&RPSXWDWLRQDO�3URMHFW�1R��������� �XQG�6&$/(3$&.� �2WZLQRZVNL�XQG�0LQRU

������ GXUFKJHI�KUW� �$NWXHOOH� 5HYLHZV�� �'DXWHU� ������ �/HVOLH� ������ 5RVVPDQQ� XQG� YDQ� %HHN

�������

3DWWHUVRQ�6XFKWHFKQLNHQ

6HOEVWURWDWLRQVIXQNWLRQHQ� ZXUGHQ� PLW� GHP� 3URJUDPP� */5)� �7RQJ� XQG� 5RVVPDQ� �����

EHUHFKQHW�XQG�GDUJHVWHOOW�

3DWWHUVRQ�6XFKHQ� PLW� 6WUXNWXUVXFKPRGHOOHQ� ZXUGHQ� PLW� GHQ� 3URJUDPPHQ� $025(� �1DYD]D

�������02/5(3� �&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW�1R�� �� ����� � XQG� &16� � �'H/DQR� XQG

%U�QJHU� ������ �%U�QJHU�� $GDPV� HW� DO�� ����� � DXVJHI�KUW� �$NWXHOOHU� 5HYLHZ�� �7XUNHQEHUJ� XQG

'RGVRQ��������

0$'

(UUHLFKW�GLH�(QHUJLH�GHU�YHUZHQGHWHQ�5|QWJHQVWUDKOXQJ�GLH�$QUHJXQJVHQHUJLH� HLQHU�$WRPVRUWH

GHU� XQWHUVXFKWHQ� 6WUXNWXU� NDQQ� HV� ]�%�� ]XU� (QWIHUQXQJ� HLQHV� (OHNWURQV� DXV� GHU� .�6FKDOH� GHV

EHWUHIIHQGHQ� $WRPV� NRPPHQ�� $XIJUXQG� GHU� :HFKVHOZLUNXQJ� GHU� 6WUDKOXQJ� PLW� GHQ� LQQHUHQ

(OHNWURQHQ�HUIlKUW�GHU� UHVWOLFKH�JHVWUHXWH�$QWHLO�GHU�5|QWJHQVWUDKOXQJ�HLQH�NOHLQH�bQGHUXQJ� LQ

$PSOLWXGH�XQG�3KDVH��ZDV�PDQ�DOV�DQRPDOH�6WUHXXQJ��E]Z��DXIJUXQG�GHU�$EKlQJLJNHLW�YRQ�GHU

:HOOHQOlQJH�DOV�DQRPDOH�'LVSHUVLRQ�EH]HLFKQHW��'LHVH�'LIIHUHQ]HQ�N|QQHQ�]XU�/RNDOLVLHUXQJ�GHU

DQRPDOHQ�6WUHXHU��ZLH�]XU�IROJHQGHQ�3KDVLHUXQJ�GHU�JHPHVVHQHQ�'DWHQ�YHUZHQGHW�ZHUGHQ�

'DWHQVlW]H�]XU�0$'�3KDVLHUXQJ� �6PLWK��������ZLH�]XU�'HWHNWLRQ�DQRPDOHU�6WUHXHU�LP�IHUWLJHQ

0RGHOO�ZXUGHQ�DQ�GHU�%HDPOLQH�%:���'(6<��+$6</$%��+DPEXUJ��JHPHVVHQ�

%HVWLPPXQJHQ� GHU� .�$EVRUSWLRQVNDQWHQ� GHU� XQWHUVXFKWHQ� DQRPDOHQ� 6WUHXHU� EHUXKHQ� DXI

)OXRUHV]HQ]�6FDQV��GLH�HEHQIDOOV�DQ�GHU�%:��DXVJHI�KUW�ZXUGHQ��$XVZHUWXQJ�XQG�3KDVLHUXQJ�PLW

GHQ�EHUHFKQHWHQ�DQRPDOHQ�XQG�GLVSHUVLYHQ�'LIIHUHQ]HQ�EHL�YHUVFKLHGHQHQ�:HOOHQOlQJHQ��GLH�VLFK

DXV�GHQ� LQWULQVLVFKHQ�DQRPDOHQ�6WUHXHUQ�GHV�0XOWLPHWDOORSURWHLQV�&2�'HK\GURJHQDVH�HUJDEHQ�

ZXUGHQ� PLW� 3URJUDPPHQ� GHV� &&3��3DNHWHV� �))7�� 0/3+$5(�� 5636�� �&ROODERUDWLYH

&RPSXWDWLRQDO�3URMHFW�1R��������� ��+HOOLZHOO�������XQG�6+$53� �/D�)RUWHOOH��,UZLQ�HW�DO�������

GXUFKJHI�KUW��$NWXHOOHU�5HYLHZ�� �$EUDKDPV�XQG�'H�*UDDII������ ��

'LFKWHPRGLILNDWLRQ

'LH� 0RGLILNDWLRQHQ� GHU� HUUHFKQHWHQ� )RXULHUV\QWKHVHQ� EHUXKWHQ� DXI�� D��� GHP� )HVWVHW]HQ� HLQHV

NRQVWDQWHQ� :HUWHV� I�U� GHQ� 6ROYHQVEHUHLFK� � VROYHQW� IODWWHQLQJ�� �&RZWDQ� XQG� 0DLQ� ����� � �� E��



0DWHULDO XQG 0HWKRGHQ ��

0LWWHOXQJ�GHU�)RXULHUV\QWKHVHQ�QLFKW�NULVWDOORJUDSKLVFK�YHUZDQGWHU�%HUHLFKH� � UHDO�VSDFH� DYHUDJLQJ�

�&KDSPDQ� XQG� %ODQF� ����� � �$NWXHOOH� 5HYLHZV�� �5RVVPDQQ� ������ .OH\ZHJW� XQG� 5HDG� ����� ��

VRZLH� F��� GHU� $EVFKlW]XQJ� GHU� )UHTXHQ]YHUWHLOXQJ� GHU� NRUUHNWHQ� )RXULHUV\QWKHVHQ� LP

3URWHLQEHUHLFK��KLVWRJUDP�PDWFKLQJ���'LH�8PVHW]XQJ�GLHVHU�0HWKRGHQ�ZXUGH� LQ�GHQ�3URJUDPPHQ

'0� �&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW� 1R�� �� ����� � �&RZWDQ� XQG� 0DLQ� ����� �� 5$9(

�.OH\ZHJW�������XQG�0$,1��7XUN�������JHQXW]W�

0RGHOOEDX�XQG�9HUIHLQHUXQJ

$WRPDUH� 3URWHLQPRGHOOH� ZXUGHQ� DXI� 6LOLFRQ� *UDSKLFV� &RPSXWHUQ�� VRZLH� HLQHP� XQWHU� /LQX[

EHWULHEHQHQ� 3&�PLW� GHQ� 3URJUDPPHQ�0$,1� �7XUN� ������ XQG�;7$/9,(:� �0F5HH� ������ LQ

�)R�)F�� XQG� )R�)F�)RXULHUV\QWKHVHQ� HLQJHSD�W�� ,QLWLDOH� :DVVHU�0ROHN�OH� ZXUGHQ� PLW� $53� LQ

'LIIHUHQ]�)RXULHUV\QWKHVHQ�ORNDOLVLHUW� �/DP]LQ�XQG�:LOVRQ������ �

3URWHLQVWUXNWXUHQ� PLW� LQGLYLGXHOOHQ� LVRWURSHQ� 7HPSHUDWXU�)DNWRUHQ� ZXUGHQ� PLW� GHQ

3URJUDPPHQ�;3/25� �%U�QJHU� ������ XQG� &16� �%U�QJHU�� $GDPV� HW� DO�� ����� � YHUIHLQHUW�� 'LH

9HUIHLQHUXQJ� LQGLYLGXHOOHU� DQLVRWURSHU� 7HPSHUDWXUIDNWRUHQ� �0HUULWW� ������ HUIROJWH� PLW� GHQ

3URJUDPPHQ�6+(/;+� �6KHOGULFN�XQG�6FKQHLGHU������ �XQG�5()0$&� �0XUVKXGRY��/HEHGHY�HW

DO��������

$OOH�9HUIHLQHUXQJHQ�ZXUGHQ�GXUFK�GLH�$XV]HLFKQXQJ�HLQHV�7HVWVHWV��GHU�QLFKW�I�U�9HUIHLQHUXQJHQ

YHUZHQGHW�ZXUGH��NRQWUROOLHUW� �%U�QJHU��������%U�QJHU�������

6WUXNWXUDQDO\VH�XQG�6WDWLVWLVFKH�$XVZHUWXQJ

'LH� VWDWLVWLVFKH� $XVZHUWXQJ� GHU� %LQGXQJVZLQNHO� XQG� ²OlQJHQ� GHU� 3URWHLQVWUXNWXU� HUIROJWH� PLW

GHQ� 3URJUDPPHQ� ;3/25� �%U�QJHU� ������� &16� �%U�QJHU�� $GDPV� HW� DO�� ����� �� 5()0$&

�0XUVKXGRY��/HEHGHY� HW� DO�� ����� � XQG� 352&+(&.� �/DVNRZVNL��0DF$UWKXU� HW� DO�� ����� ��'LH

6HNXQGlUVWUXNWXU�=XZHLVXQJ� HUIROJWH�PLW�'663� �.DEVFK� XQG� 6DQGHU� ����� � �$NWXHOOHU� 5HYLHZ�

�/XVFRPEH��/DVNRZVNL�HW�DO������� ��



��

([SHULPHQWHOOHU�7HLO�XQG�(UJHEQLVVH

9HUPHVVXQJ�GHU�.ULVWDOOH

.ULVWDOOH� GHU�&2�'HK\GURJHQDVH� YRQ� 2�� FDUER[LGRYRUDQV� VWUHXHQ� EHL� 5DXPWHPSHUDWXU� ELV� ����c

XQG� ]HLJHQ� HLQHQ� VFKQHOOHQ� $EEDX� LKUHU� 6WUHXTXDOLWlW� EHL� DQKDOWHQGHU� %HVWUDKOXQJ� DQ� HLQHP

NRQYHQWLRQHOOHQ�5|QWJHQJHQHUDWRU�PLW�URWLHUHQGHU�$QRGH��,KUH�5DXPJUXSSH�LVW�RUWKRUKRPELVFK

3��� �� ���PLW�=HOONRQVWDQWHQ�YRQ�D ������c��E ������c�XQG�F ������c��'LHV�HQWVSULFKW�HLQHP

0DWWKHZV�.RHIIL]LHQWHQ� �0DWWKHZV������� YRQ�����c��'D� I�U� HLQ� ���� N'D�&2�'HK\GURJHQDVH

'LPHU�SUR�DV\PPHWULVFKHU�(LQKHLW�

=XU�9HUPHLGXQJ�GHV�VFKQHOOHQ�$EEDXV�GHU�6WUHXHLJHQVFKDIWHQ�ZXUGHQ�YHUVFKLHGHQH�.�KO]XVlW]H

�03'��*OXFRVH��6DFFKDURVH���5��5��%XWDQGLRO��3(*����������.DOLXPSKRVSKDW��DXVSURELHUW��GLH

DOOHUGLQJV� ]XU� =HUVW|UXQJ� GHU� NULVWDOOLQHQ� ,QWHJULWlW� I�KUWHQ�� 'DV� .�KOHQ� GHU� .ULVWDOOH� ZXUGH

P|JOLFK�GXUFK�HLQH�9HUlQGHUXQJ�GHU�.ULVWDOOLVDWLRQVEHGLQJXQJHQ�GXUFK�=XVDW]�YRQ�*O\FHULQ��'LH

YHUlQGHUWHQ� .ULVWDOOLVDWLRQVEHGLQJXQJHQ� ����� �Z�Y�� *O\FHULQ�� ��� 03'�� ����� 0

1D+�32��1D2+�� ����� 0� .+ �32��.2+�� ���� 0� +(3(6�1D2+�� S+� ����� HUODXEWHQ� GLH

VFKULWWZHLVH� (UK|KXQJ� GHU� *O\FHULQ�.RQ]HQWUDWLRQ� DXI� ��� ��� VR� GD�� .ULVWDOOH� XQWHU

ZHLWJHKHQGHP�(UKDOW�LKUHU�6WUHXHLJHQVFKDIWHQ�HLQJHIURUHQ�ZHUGHQ�NRQQWHQ��'LH�VR�EHKDQGHOWHQ

.ULVWDOOH�NRQQWHQ�I�U�0HVVXQJHQ�DP�6\QFKURWURQ�HLQJHVHW]W�ZHUGHQ�

.ULVWDOOWUDQVIRUPDWLRQ�XQG�'HULYDWLVLHUXQJ

=XU�2SWLPLHUXQJ�GHU�6WUHXHLJHQVFKDIWHQ�GHU�.ULVWDOOH�ZXUGHQ�YHUVFKLHGHQH�0HWKRGHQ�JHWHVWHW�

'D� GLH� EHUHLWV� �EHUVlWWLJWH� .D�1D+32 ��/|VXQJ� GHV� .ULVWDOOLVDWLRQVSXIIHUV� HLQH

7UDQVIRUPDWLRQ�'HK\GUDWDWLRQ�GXUFK�(UK|KXQJ�GHV�3Ul]LSLWDQ]PLWWHOV� �6DP\JLQD��$QWRQ\XN�HW

DO�� ������ QLFKW� HUODXEWH�� ZXUGH� GLH� 9HUZHQGXQJ� YHUVFKLHGHQHU� gOH� ]XU� 7UDQVIRUPDWLRQ� XQG

6FKRFNIULHUXQJ�GHU�.ULVWDOOH�DXVSURELHUW��(UVWH�9HUVXFKH�ZXUGHQ�GDEHL�PLW�3IODQ]HQ|O��Q�+HSWDQ�

3HWUROHXPEHQ]LQ��GLFNIO�VVLJHP�3DUDIILQ|O��G�QQIO�VVLJHP�3DUDIILQ|O�XQG�6LOLNRQ|O�GXUFKJHI�KUW�

'LH�9HUZHQGXQJ�HLQHU������Y�Y��0LVFKXQJ�YRQ�GLFNIO�VVLJHP�3DUDIILQ�PLW�Q�+HSWDQ�]HLJWH�GDEHL

HLQH� JHHLJQHWH� 9LVNRVLWlW�� EHL� JHULQJHU� $EVRUSWLRQ� GHV� 5|QWJHQVWUDKOV�� .ULVWDOOH� ZXUGHQ

YRUEHUHLWHW�� LQGHP� VLH� LQ� �� µO� .ULVWDOOLVDWLRQVSXIIHU� YRUJHOHJW� XQG� PLW� GHU� gOPLVFKXQJ

�EHUVFKLFKWHW�ZXUGHQ��1DFK�GHU�(QWIHUQXQJ�GHV�YHUEOLHEHQHQ�.ULVWDOOLVDWLRQVSXIIHUV�YRP�.ULVWDOO

ZXUGHQ� GLH� .ULVWDOOH� PLW� HLQHP� FU\R�ORRS� LVROLHUW� XQG� DXI� GLH� 7HPSHUDWXU� YRQ� IO�� 1 �� JHN�KOW�

.ULVWDOOH�� GLH� VR� EHKDQGHOW� ZXUGHQ�� VWUHXWHQ� ELV� ���� c� XQG� ]HLJWHQ� GHXWOLFK� UHGX]LHUWH



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

=HOONRQVWDQWHQ�� EHVD�HQ� DEHU� HLQH� HUK|KWH� 0RVDL]LWlW� YRQ� PHKU� DOV� �� �� PLW� �EHUODSSHQGHQ

5HIOH[HQ�

'D�GLH�9HUEHVVHUXQJ�GHU�6WUHXOHLVWXQJ�YRP�6FKUXPSIHQ�GHU�=HOONRQVWDQWHQ�EHJOHLWHW�ZDU��ZXUGH

GLH�YRQ�'U��5��.LHIHUVDXHU�HQWZLFNHOWH�0HWKRGH�]XU�7UDQVIRUPDWLRQ�YRQ�.ULVWDOOHQ�LP�*DVVWURP

NRQWUROOLHUWHU�)HXFKWLJNHLW� DQJHZHQGHW� XQG� ]XVDPPHQ�PLW�'U�� 5��.LHIHUVDXHU�ZHLWHUHQWZLFNHOW

�.LHIHUVDXHU��7KDQ�HW�DO������� �

,Q� HLQHP� HUVWHQ� ([SHULPHQW� ZXUGH� GD]X� HLQ� .ULVWDOO� DXI� GHU� 6SLW]H� GHV� NDSLOODUIUHLHQ

+DOWHUXQJVV\VWHPV� IL[LHUW�XQG�GLH�)HXFKWLJNHLW� VR� HLQJHVWHOOW�� GD��GDV�.ULVWDOOYROXPHQ�NRQVWDQW

EOLHE�� 'HU� .ULVWDOO� VWUHXWH� ELV� ���� c� PLW� GHQ� REHQ� DXIJHI�KUWHQ� =HOONRQVWDQWHQ�� ,P� QlFKVWHQ

6FKULWW�ZXUGH�GLH�)HXFKWLJNHLW�XP����DXI��������PLQ ����UHGX]LHUW��ZRQDFK�GHU�.ULVWDOO�ELV����

c�EHL�XQYHUlQGHUWHU�0RVDL]LWlW��a������VWUHXWH��'LH�=HOONRQVWDQWHQ�ZDUHQ�GHXWOLFK�UHGX]LHUW�DXI

D ������c��E ������c�XQG� F ������c��(LQH�ZHLWHUH�9HUULQJHUXQJ� GHU�)HXFKWLJNHLW� I�KUWH� ]XU

(UK|KXQJ�GHU�0RVDL]LWlW�

,Q� HLQHP� ]ZHLWHQ� ([SHULPHQW� ZXUGH� HLQ� YHUlQGHUWHV� )HXFKWLJNHLWVSURWRNROO� YHUZHQGHW�

$XVJHKHQG�YRP�QDWLYHQ�=XVWDQG��ZXUGH�GLH�)HXFKWLJNHLW�PLW� HLQHP�*UDGLHQWHQ�YRQ���PLQ ��

XP�����DXI�����UHGX]LHUW��(LQH�DXVJHSUlJWH�9HUEHVVHUXQJ�GHU�6WUHXNUDIW�ZXUGH�EHJOHLWHW�YRQ

HLQHU�GHXWOLFKHQ�(UK|KXQJ�GHU�0RVDL]LWlW��$EE�����'LH�(OHPHQWDU]HOOH�VFKUXPSIWH�GDEHL�XP����

LP�9ROXPHQ��PLW�=HOONRQVWDQWHQ�YRQ�D ����c��E ����c�XQG�F ����c��'LH�ZHLWHUH�9HUULQJHUXQJ

GHU�)HXFKWLJNHLW� XP���� I�KUWH� ]XU�=HUVW|UXQJ�GHU� NULVWDOOLQHQ�2UGQXQJ��hEHUUDVFKHQGHUZHLVH

NHKUWH�QDFK�HLQHP�)HXFKWLJNHLWVVSUXQJ�DXI�����GLH�NULVWDOOLQH�2UGQXQJ�ZLHGHU�XQG�GLH�.ULVWDOOH

]HLJWHQ�HLQH�0RVDL]LWlW�YRQ������EHL�HLQHU�$XIO|VXQJ�YRQ�����c��$EE�����2EZRKO�GLH�)HXFKWLJNHLW

XP�����HUK|KW�ZXUGH��EOLHEHQ�GLH�=HOONRQVWDQWHQ�QDKH]X�XQYHUlQGHUW�



��

$EELOGXQJ �� 9HUODXI GHU .ULVWDOOWUDQVIRUPDWLRQ� 'HXWOLFK LVW GLH $E� XQG =XQDKPH GHU 6WUHXTXDOLWlW GHV
.ULVWDOOV LP 9HUODXI GHU 7UDQVIRUPDWLRQ HUNHQQEDU� %HL HLQHU 'LVWDQ] YRQ ��� PP ]ZLVFKHQ .ULVWDOO XQG 'HWHNWRU
�REHQ OLQNV� HQWVSULFKW GHU 3ODWWHQUDQG GHV 'HWHNWRUV HLQHU $XIO|VXQJ YRQ ���� c� %HL ��� PP HLQHU $XIO|VXQJ YRQ
���� c�

(LQ� lKQOLFKHV� 3URWRNROO� NRQQWH� DXFK� I�U� GLH� 7UDQVIRUPDWLRQ� YRQ� gO� �3HUIOXRULQLHUWHV

3RO\HWK\OHQ�3)3(��gO�� XPK�OOWHQ�.ULVWDOOHQ� LP�&U\R�/RRS� YHUZHQGHW�ZHUGHQ��'HU�(UIROJ� GHU

7UDQVIRUPDWLRQ� KLQJ� GDEHL� YRQ� GHU� *HVFKZLQGLJNHLW� GHV� :DVVHUHQW]XJV� DE�� ZREHL� VLFK� HLQH

7UDQVIRUPDWLRQVGDXHU� XQWHU� HLQHU� 6WXQGH� DOV� J�QVWLJ� HUZLHV��'DV� 6FKRFNJHIULHUHQ� GHU�.ULVWDOOH

UHVXOWLHUWH� DEHUPDOV� LQ� HLQHU� 9HUULQJHUXQJ� GHU� =HOONRQVWDQWHQ� DXI� D ������ c�� E ������ c� XQG

F ������ c�� 'LH� JHIURUHQHQ� .ULVWDOOH� ]HLJWHQ� HLQH� OHLFKW� HUK|KWH� 6WUHXNUDIW�� DEHU� DXFK� HLQHQ

JHULQJHQ� $QVWLHJ� GHU� 0RVDL]LWlW� YRQ� ���� �� DXI� ��������� ��� 0LW� GLHVHQ� .ULVWDOOHQ� NRQQWHQ

'DWHQVlW]H� DP� 6\QFKURWURQ� ELV� ]X� HLQHU� $XIO|VXQJ� YRQ� ����� c� I�U� GDV� ���� N'D� 3URWHLQ

JHPHVVHQ�ZHUGHQ�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

.ULVWDOOWUDQVIRUPDWLRQ�XQWHU�DQR[LVFKHQ�%HGLQJXQJHQ

=XU� &KDUDNWHULVLHUXQJ� UHGX]LHUWHU� )RUPHQ� GHU� &2�'HK\GURJHQDVH� ZDU� GLH� 9HUPHVVXQJ� XQWHU

DQR[LVFKHQ�%HGLQJXQJHQ�QRWZHQGLJ��8P�HLQH�2[LGDWLRQ�GHV�.ULVWDOOV� ]X�YHUKLQGHUQ�ZXUGH�1 �

KRKHU� 5HLQKHLW� DOV� 7UlJHUJDV� YHUZHQGHW�� +LHU]X� ZXUGH� GLH� 0DVFKLQH� PLW� DOOHQ� YHUZHQGHWHQ

6FKOlXFKHQ�I�U�HLQHQ�7DJ�PLW�GHP�DQR[LVFKHQ�7UlJHUJDV�YRUJHVS�OW��EHYRU�HLQ�.ULVWDOO�ZLH�]XYRU

EHVFKULHEHQ� LP� FU\R�ORRS� YRUEHUHLWHW� ZXUGH�� 'HU� PRQWLHUWH� .ULVWDOO� ZXUGH� DQVFKOLH�HQG

WUDQVIRUPLHUW� XQG� QDFK� HUIROJUHLFKHU� 'XUFKI�KUXQJ� GXUFK� HLQHQ� :HFKVHO� GHV� 7UlJHUJDVHV

UHGX]LHUW�

(LQH�+��1��0LVFKXQJ� ������1������+��� ZXUGH� ]XU�9HUPHVVXQJ� GHU�+ ��UHGX]LHUWHQ� 6SH]LHV

YHUZHQGHW�XQG�HLQH�&2�1 ��0LVFKXQJ�������1 �������&2��]XU�9HUPHVVXQJ�GHU�&2�UHGX]LHUWHQ

)RUP�

'LH�5HGXNWLRQ�GHV�.ULVWDOOV�ZXUGH�GDEHL

DQKDQG� VHLQHV� )DUEZHFKVHOV� XQWHU� GHP

0LNURVNRS� YHUIROJW�� 'DV� $XVWUHWHQ� YRQ

JLIWLJHP� &2� LQ� GHQ� 0HVVUDXP� ZXUGH

GXUFK�HLQ�QDKH�DP�0HVVRUW�DQJHEUDFKWHV

$E]XJVURKU� �$EE���� YHUKLQGHUW� XQG� GLH

'LFKWLJNHLW� GHV� 6\VWHPV� PLW� GUHL� &2

6HQVRUHQ� LP� 0HVVUDXP� ZlKUHQG� GHU

JHVDPWHQ�0HVVGDXHU��EHUSU�IW�

$EELOGXQJ �� $EVDXJ� XQG 0HVVHLQUHLFKWXQJ� 'DV
$XVVWU|PHQ YRQ JLIWLJHP &2 ZXUGH GXUFK HLQ DP
0HVVRUW EHIHVWLJWHU $E]XJVVFKODXFK HQWIHUQW�

'LWKLRQLW�UHGX]LHUWH�.ULVWDOOH�ZXUGHQ�GXUFK�HLQVW�QGLJHV�(LQOHJHQ� LQ���P0�1D6 �2��/|VXQJ� LQ

DQR[LVFKHP�.ULVWDOOLVDWLRQVSXIIHU�KHUJHVWHOOW�XQG�DQVFKOLH�HQG�LP�1 ��6WURP�WUDQVIRUPLHUW�

6HOEVWURWDWLRQVIXQNWLRQ

9RU� GHU� 'XUFKI�KUXQJ� GHU� 3DWWHUVRQ�6XFKH� ZXUGH� HLQH� 6HOEVWURWDWLRQVIXQNWLRQ� ELV� ���� c

EHUHFKQHW�

'LHVH� ]HLJW� HLQH� QLFKWNULVWDOORJUDSKLVFKH� ]ZHL]lKOLJH� $FKVH�� GHU� GLH� $QZHVHQKHLW� ]ZHLHU

0RQRPHUH�LQ�HLQHU�DV\PPHWULVFKHQ�(LQKHLW�GHU�(OHPHQWDU]HOOH�HQWVSUDFK��$EE������



��

$EELOGXQJ ��� 3ORW GHU 6HOEVWURWDWLRQVIXQNWLRQ YRQ 2� FDUER[LGRYRUDQV &2�'HK\GURJHQDVH�

3DWWHUVRQ�6XFKH�XQG�$QRPDOH�'LVSHUVLRQ

6WUXNWXUO|VXQJ�GHU�&2�'HK\GURJHQDVH�YRQ� 2��FDUER[LGRYRUDQV

1DFK�GHU�$XIQDKPH�HLQHV�HUVWHQ�'DWHQVDW]HV�DXV�PHKUHUHQ�.ULVWDOOHQ�PLW�HLQHU�$XIO|VXQJ�YRQ

����c�ZXUGH�HLQH�3DWWHUVRQ�6XFKH�GXUFKJHI�KUW��+LHU]X�ZXUGH�HLQ�6XFKPRGHOO�DXV�NRQVHUYLHUWHQ

%HUHLFKHQ�GHU�PRQRPHUHQ�$OGHK\G�2[LGRUHGXNWDVH� �0RS�� YRQ� '�� JLJDV� �5RPDR��$UFKHU� HW� DO�

������NRQVWUXLHUW��$EE�����

$EELOGXQJ ��� 6XFKPRGHOO I�U GLH 3DWWHUVRQVXFKH� 'HU ZHL� HLQJHIlUEWH %HUHLFK GHU 0RS�6WUXNWXU �5RPDR�
$UFKHU HW DO� ����� ZXUGH ]XU 3DWWHUVRQ�6XFKH HLQJHVHW]W� ZlKUHQG GLH EODXHQ %HUHLFKH ]XU HUIROJUHLFKHQ 3DWWHUVRQ�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

6XFKH QLFKW EHU�FNVLFKWLJW ZXUGHQ� 5HFKQXQJHQ� LQ GHQHQ GLH 0HWDOO�.RIDNWRUHQ QLFKW ]XP 6XFKPRGHOO JHK|UWHQ�
EOLHEHQ RKQH (UJHEQLV�

2EZRKO�GLHVHV�0RGHO�ZHQLJHU� DOV� ����GHU�6WUHXPDVVH�GHU� DV\PPHWULVFKHQ�(LQKHLW� DXVPDFKWH

NRQQWH� PLW� GHP� 3URJUDPP� $025(� �1DYD]D� ������ HLQH� /|VXQJ� JHIXQGHQ� ZHUGHQ�� 8P� GLH

ULFKWLJH�/|VXQJ�]X�HUKDOWHQ��ZDU�GLH�9HUZHQGXQJ�GHU�(LVHQ�6FKZHIHO�=HQWUHQ�ZLH�GHV�0R�,RQV

LP�6XFKPRGHOO�QRWZHQGLJ��ZDV�DQGHXWHW��GD��GLH�NRUUHNWH�hEHUODJHUXQJ�GHU�3DWWHUVRQ�6\QWKHVHQ

GXUFK�GLH�VWDUNHQ� LQWHUDWRPDUHQ�9HNWRUHQ�]ZLVFKHQ�GHQ�0HWDOOHQ�GHXWOLFK�EHHLQIOX�W�ZLUG��'LH

UHODWLYH� 0DVVH� GHV� 6XFKPRGHOOV� OLHJW� DQ� GHU� XQWHUHQ� *UHQ]H� GHV� PRPHQWDQ� NRUUHNW

2ULHQWLHUEDUHQ� EHL� 1LFKWLGHQWLWlW� ]ZLVFKHQ� 6XFKPRGHOO� XQG� GHP� HQWVSUHFKHQGHQ� %HUHLFK� GHU

]XO|VHQGHQ� 6WUXNWXU� �2K� ������ �%HUQVWHLQ� XQG�+RO� ����� ��'LH� ULFKWLJH� /|VXQJ� ]HLFKQHWH� VLFK

GXUFK�HLQHQ�5�)DNWRU�YRQ�������PLW�HLQHP�.RUUHODWLRQV�.RHIIL]LHQWHQ��FF��YRQ�������QDFK�GHU

7UDQVODWLRQV�6XFKH� I�U� GDV� ]ZHLWH�0RQRPHU� DXV�� 'LH� QlFKVW� K|FKVWH� /|VXQJ� ]HLJWH� HLQHQ� 5�

)DNWRU�YRQ�������EHL�HLQHP�FF�YRQ������LQ�HLQHP�$XIO|VXQJVEHUHLFK�YRQ����������c�

2EZRKO�GLH�%HUHFKQXQJHQ�YRQ� 2PLW�)RXULHUV\QWKHVHQ�I�U�GLH�(LVHQ�6FKZHIHO�=HQWUHQ�XQG�GDV

0RO\EGlQ�,RQ�GLH�5LFKWLJNHLW�GHU�3DWWHUVRQ�/|VXQJ�EHVWlWLJWHQ��ZDU�HV�QLFKW�P|JOLFK��GLH�KLHUPLW

EHUHFKQHWHQ� �)R�)F� )RXULHUV\QWKHVHQ�� DXFK� QDFK� ]ZHLIDFKHU� ]\NOLVFKHU� 0LWWHOXQJ�� ]X

LQWHUSUHWLHUHQ�� $XV� GLHVHP� *UXQGH� ZXUGHQ� 0$'�'DWHQVDPPOXQJHQ� DQ� ]ZHL� YHUVFKLHGHQHQ

:HOOHQOlQJHQ�DQ�GHU�:LJJOHU�%HDPOLQH�%:���6\QFKURWURQ�'(6<��+DPEXUJ�GXUFKJHI�KUW��+LHUEHL

ZXUGHQ�GLH�DQRPDOHQ�6WUHXHLJHQVFKDIWHQ�YRQ�(LVHQ�DQ�]ZHL�:HOOHQOlQJHQ��UHPRWH���������c��I¶¶�

�������c��DXVJHQXW]W��'LH�'DWHQVlW]H�ZXUGHQ�DXI�0$5�5HVHDUFK�&&'�'HWHNWRUHQ�JHVDPPHOW

XQG�PLW�'(1=2�XQG�6&$/(3$&.�DXVJHZHUWHW� �2WZLQRZVNL�XQG�0LQRU������ �

2EZRKO� GLH� 3RVLWLRQ� GHU� >�)H��6@�=HQWUHQ� QLFKW� GHXWOLFK� LQ� DQRPDOHQ� 'LIIHUHQ]�3DWWHUVRQ

%HUHFKQXQJHQ� HUNHQQEDU� ZDU�� OLHIHUWHQ� DQRPDOH� 'LIIHUHQ]IRXULHUV\QWKHVHQ� �%LMYRHW�

)RXULHUV\QWKHVHQ���GLH�XQWHU�9HUZHQGXQJ�GHU�3KDVHQ�GHV� ORNDOLVLHUWHQ�7HLOPRGHOOV� � φ3URW��²�����

EHUHFKQHW�ZXUGHQ��GLH�3RVLWLRQ�GHU� YLHU� >�)H��6@�=HQWUHQ� LQ�GHU� DV\PPHWULVFKHQ�(LQKHLW��'LHV

]HLJWH� DXFK�� GD�� GHU� DQRPDOH� 6WUHXEHLWUDJ� WURW]� HLQHU� PLWWOHUHQ� WKHRUHWLVFKHQ� ,QWHQVLWlW� YRQ



��

ZHQLJHU� DOV� ���GHU�*HVDPWLQWHQVLWlW� �PLWWOHUH� WKHRUHWLVFKH�%LMYRHW�'LIIHUHQ]�� ��������PLWWOHUH

WKHRUHWLVFKH�GLVSHUVLYH�'LIIHUHQ]����������VLQQYROOH�]XVlW]OLFKH�,QIRUPDWLRQ�OLHIHUQ�NRQQWH�

6WUXNWXUO|VXQJ�GHU�&2�'HK\GURJHQDVH�YRQ� +��SVHXGRIODYD

'LH� 6WUXNWXU� GHU� &2�'HK\GURJHQDVH� YRQ� +�� SVHXGRIODYD� ZXUGH� PLW� 3DWWHUVRQ�6XFKPHWKRGHQ

XQWHU�9HUZHQGXQJ� GHU� 3URJUDPPH�$025(� �1DYD]D� ������ XQG�&16� �%U�QJHU�� $GDPV� HW� DO�

������ JHO|VW�� (LQ� 0RQRPHU� GHU� &2�'HK\GURJHQDVH� YRQ� 2�� FDUER[LGRYRUDQV� GLHQWH� GDEHL� DOV

6XFKPRGHOO��ZREHL�QLFKW�LGHQWLVFKH�$PLQRVlXUHQ�GXUFK�$ODQLQH�HUVHW]W�ZXUGHQ��(LQH�HLQGHXWLJH

/|VXQJ� NRQQWH� JHIXQGHQ� ZHUGHQ� XQG� ]HLFKQHWH� VLFK� QDFK� 5LJLG�%RG\� 9HUIHLQHUXQJ� GHU� EHLGHQ

0RQRPHUH� GXUFK� HLQH� .RUUHODWLRQ� YRQ� ����� �� XQG� HLQHQ� 5�)DNWRU� YRQ� ����� �� LP

$XIO|VXQJVEHUHLFK�YRQ� ���������c� DXV��'LH� DXV� GHU�/|VXQJ� JHZRQQHQHQ�3KDVHQ� HUODXEWHQ� GLH

%HUHFKQXQJ�YRQ�LQWHUSUHWLHUEDUHQ� �)
R
�)

F
�)RXULHUV\QWKHVHQ�

'LFKWHPRGLILNDWLRQ�XQG�3KDVLHUXQJ

'LH� 3RVLWLRQHQ� GHU� ��� ORNDOLVLHUWHQ� DQRPDOHQ� 6WUHXHU� ��� )H� XQG� �� 0R� SUR� DV\PP�� (LQKHLW�

ZXUGHQ�DOV�(LQJDEH�I�U�GLH�3URJUDPPH�6+$53� �/D�)RUWHOOH��,UZLQ�HW�DO������� �XQG�0/3+$5(

�&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW� 1R�� �� ����� � YHUZHQGHW�� GLH� GLH� %HUHFKQXQJ� GHU

H[SHULPHQWHOOHQ� 3KDVHQ� GXUFKI�KUWHQ�� 0LW� +LOIH� GLHVHU� 3KDVHQ� ZDU� HV� QDFK� VROYHQW�IODWWHQLQJ

P|JOLFK��LQ�)
R
�)RXULHUV\QWKHVHQ�GLH�0ROHN�OJUHQ]HQ�]X�HUNHQQHQ��GLH�]XU�(UVWHOOXQJ�HLQHU�0DVNH

I�U� GLH� ]\NOLVFKH� 0LWWHOXQJ� HQWVFKHLGHQG� ZDUHQ�� =XU� %HUHFKQXQJ� GHU� ]X� LQWHUSUHWLHUHQGHQ

)RXULHUV\QWKHVH� ZXUGHQ� YHUVFKLHGHQH� 3URWRNROOH� DXVSURELHUW�� 'LH� EHVWHQ� )RXULHUV\QWKHVHQ

NRQQWHQ�QDFK�IROJHQGHP�3URWRNROO�HUUHFKQHW�ZHUGHQ�

��� *HZLFKWXQJ� XQG� .RPELQDWLRQ� GHU� XQPRGLIL]LHUWHQ� H[SHULPHQWHOOHQ� 3KDVHQ� PLW� GHQ

0RGHOOSKDVHQ�PLW�6,*0$$� �&ROODERUDWLYH�&RPSXWDWLRQDO�3URMHFW�1R��������� �

��� 3KDVHQPRGLILNDWLRQ� PLW� '0� �&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW� 1R�� �� ����� � �VROYHQW�

IODWWHQLQJ��GHU�NRPELQLHUWHQ�3KDVHQ�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

��� :HLWHUH�3KDVHQH[SDQVLRQ��PRGLILNDWLRQ�GXUFK�]\NOLVFKH�0LWWHOXQJ�PLW�$9(� �.OH\ZHJW�XQG

-RQHV�������LQ����=\NOHQ�

$EELOGXQJ ��� 9HUZHQGXQJ XQG 9HUEHVVHUXQJ GHU HUKDOWHQHQ 3KDVHQVlW]H ZLGHUJHVSLHJHOW DQ EHUHFKQHWHQ
)RXULHUV\QWKHVHQ LQ GHU 8PJHEXQJ GHV )01�$QWHLOV GHV )$'�

$�� �)R�Z)F )RXULHUV\QWKHVH EHL �σ NRQWXULHUW� 'LH 3KDVHQ GHV SOD]LHUWHQ 6XFKPRGHOOV ZXUGHQ GXUFK ]ZHLIDFKH
]\NOLVFKH 0LWWHOXQJ PRGLIL]LHUW�

%�� P)R )RXULHUV\QWKHVH EHL �σ NRQWXULHUW� 9HUZHQGXQJ GHV 3KDVHQVDW]HV HUKDOWHQ DXV GHP 0$'�([SHULPHQW�
QDFK 0RGLILNDWLRQ PLW '0�

&�� �)R�Z)F )RXULHUV\QWKHVH EHL �σ NRQWXULHUW� 'LH 3KDVHQ GHV SOD]LHUWHQ 6XFKPRGHOOV ZXUGHQ PLW GHQ 0$'�
3KDVHQ NRPELQLHUW� VROYHQW IODWWHQHG XQG ]ZHLIDFK ]\NOLVFK JHPLWWHOW�

'�� )LQDOH �)R�Z)F )RXULHUV\QWKHVH EHL ��� c $XIO|VXQJ ��σ NRQWXULHUW��

0RGHOOEDX�XQG�9HUIHLQHUXQJ

0RGLIL]LHUWH�3KDVHQVlW]H��ZLH�REHQ�EHVFKULHEHQ��HUODXEWHQ�GLH�VXN]HVVLYH�,QWHUSUHWDWLRQ�GHU�PLW

LKQHQ� EHUHFKQHWHQ� )RXULHUV\QWKHVHQ� LP� 0RGHOOEDX� PLW� 0$,1� �7XUN� ������� 'LH� HUKDOWHQHQ

.RRUGLQDWHQ� ZXUGHQ� YHUIHLQHUW� PLW� 3RVLWLRQDO�9HUIHLQHUXQJHQ�� ZLH� LPSOHPHQWLHUW� LQ� &16

�%U�QJHU�� $GDPV� HW� DO�� ����� �� )�U� GLH� 9HUIHLQHUXQJ� GHU� .RIDNWRUHQ� ZXUGHQ� DXV� GHQ� MHZHLOV

K|FKVWDXIJHO|VWHQ� 6WUXNWXUHQ� GHU� 3'%� 3DUDPHWHUVlW]H� EHUHFKQHW�� GLH� DOV� 5HVWUDLQWV� LQ� GHQ

9HUIHLQHUXQJHQ�YHUZHQGHW�ZXUGHQ��)�U�GLH�ILQDOHQ�9HUIHLQHUXQJHQ�GHU�&2�'HK\GURJHQDVH�YRQ

+�� SVHXGRIODYD� ZXUGHQ� 3DUDPHWHUVlW]H� DXV� GHQ� DWRPDU� DXIJHO|VWHQ� RKQH� 5HVWUDLQWV� YHUIHLQHUWHQ



��

6WUXNWXUHQ� YRQ� 2�� FDUER[LGRYRUDQV� JHZRQQHQ�� GLH� GLH� ]XU� =HLW� H[DNWHVWHQ� .RRUGLQDWHQ� I�U� DOOH

.RIDNWRUHQ�GDUVWHOOHQ��,P�/DXIH�GHU�9HUIHLQHUXQJHQ�ZXUGHQ�GLH� 5HVWUDLQWV�I�U�GLH�DQRUJDQLVFKHQ

6WUXNWXUEHUHLFKH��GLUHNWH�0R�8PJHEXQJ�XQG�(LVHQ�6FKZHIHO�=HQWUHQ��ODQJVDP�YHUULQJHUW�

'LH�QDKH�DWRPDU�DWRPDU�DXIJHO|VWHQ�6WUXNWXUHQ��G������������c��ZXUGHQ�PLW�6+(/;� �6KHOGULFN

XQG� 6FKQHLGHU� ����� � XQG� 5()0$&� �0XUVKXGRY�� /HEHGHY� HW� DO�� ����� � YHUIHLQHUW�� 'LHVH

3URJUDPPH�HUODXEHQ�GLH�%HUHFKQXQJ� DQLVRWURSHU�7HPSHUDWXUIDNWRUHQ� I�U� HLQ]HOQH�$WRPH�XQG

N|QQHQ� XQJHRUGQHWH� 5HJLRQHQ� PLW� PHKUHUHQ� .RQIRUPDWLRQHQ� YHUIHLQHUQ�� :lKUHQG� GLH

3HSWLGVWUXNWXU� PLW� GHQ� NODVVLVFKHQ� 3DUDPHWHUVlW]HQ� �(QJK� XQG� +XEHU� ����� � UHVWUDLQHG� ZXUGH�

ZXUGHQ�GLH�.RIDNWRUHQ�RKQH�JHRPHWULVFKH�9RUJDEHQ�YHUIHLQHUW��'HU�0RGHOOEDX�ZXUGH�I�U�GLHVH

6WUXNWXUHQ� PLW� ;7$/9,(:� �0F5HH� ������ GXUFKJHI�KUW�� GDV� GLH� 0RGHOOLHUXQJ� DOWHUQDWLYHU

.RQIRUPDWLRQHQ�HUODXEW�XQG�GLH�DQLVRWURSHQ�7HPSHUDWXUIDNWRUHQ�LQGLYLGXHOOHU�$WRPH�GDUVWHOOHQ

NDQQ�

,QWHUSUHWDWLRQ�GHV�DNWLYHQ�=HQWUXPV

(UVWH�8QWHUVXFKXQJHQ�]XP�$XIEDX�GHV�DNWLYHQ�=HQWUXPV

=XVlW]OLFKH�(OHNWURQHQGLFKWH� LP�DNWLYHQ�=HQWUXP�GHU�&2�'HK\GURJHQDVH�ZXUGH�DXI�GHU�%DVLV

GHU�DQRPDOHQ�6WUHXHLJHQVFKDIWHQ�EHL�]ZHL�:HOOHQOlQJHQ��VRZLH�GHU�QDFKJHZLHVHQHQ�3UlVHQ]�YRQ

6H� LQ� DNWLYHU� &2�'HK\GURJHQDVH� LQWHUSUHWLHUW�� 'LH� 7DWVDFKH�� GD�� HV� VLFK� EHL� GHP� DQRPDOHQ

6WUHXHU� XP� HLQ� WHUPLQDO� DQ� HLQ� 6 γ�$WRP� JHEXQGHQHV� $WRP� KDQGHOW�� VSUDFK� ]XGHP� I�U� HLQ

QLFKWPHWDOOLVFKHV�$WRP�

2EZRKO� GLH� �)R�)F�)RXULHUV\QWKHVH�PLW� HLQHU� ,QWHUSUHWDWLRQ� GHV� $WRPV� DOV� 6FKZHIHO� HUNOlUEDU

ZDU��]HLJWHQ�GLH�DQRPDOHQ�'LIIHUHQ]IRXULHUV\QWKHVHQ��GD��HV�VLFK�XP�HLQHQ�6WUHXHU�KDQGHOQ�PX��

GHU�HLQH�$EVRUSWLRQVNDQWH�]ZLVFKHQ��������XQG��������c�KDW��$EE������'HU�PLWWHOV�1HXWURQHQ�

$NWLYLHUXQJ�QDFKJHZLHVHQH� 6H�*HKDOW� YRQ� �����PRO �6H�PRO
��
�&2�'HK\GURJHQDVH��� VRZLH� GDV� )HKOHQ� YRQ

HUNHQQEDUHQ�DQRPDOHQ�6WUHXHUQ�DX�HUKDOE�GHU� >�)H��6@�&OXVWHU�XQG�GHV�DNWLYHQ�=HQWUXPV��G�K�

GHP�)HKOHQ�YRQ�DQGHUHQ�P|JOLFKHQ�3RVLWLRQHQ�DQ�GHQHQ�GDV�QDFKJHZLHVHQH�6H�YRUOLHJHQ�N|QQWH�

ZXUGHQ� DOV� ,QWHUSUHWDWLRQVEDVLV�GHV� DQRPDOHQ�6WUHXHUV� DOV� HLQ�6H�$WRP�YHUZHQGHW��'LHV� SDVVWH

HEHQIDOOV�]X�GHU�EHNDQQWHQ�$NWLYLHUXQJ�YRQ�&2�'HK\GURJHQDVH�PLW�1D�6HOHQLW��ZHOFKH�]X�HLQHP

NRYDOHQWHQ� (LQEDX� YRQ� 6H� I�KUW� �0H\HU� XQG� 5DMDJRSDODQ� ����� �� =XP� =HLWSXQNW� GHU

,QWHUSUHWDWLRQ�DOV�6H� VSUDFKHQ�DOOH� H[SHULPHQWHOOHQ�%HIXQGH� I�U�HLQH�%HWHLOLJXQJ�YRQ�6H� DQ�GHU

.DWDO\VH�GHU�&2�'HK\GURJHQDVH�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� 'LH 0RO\EGlQ�/DJH GHU /�8QWHUHLQKHLW� �$� 'LH /LJDQGHQ XP GDV 0R�,RQ ZXUGHQ DOV HLQ
+\GUR[R� XQG ]ZHL 2[R�/LJDQGHQ LQWHUSUHWLHUW� 'DV =HQWUDODWRP LVW DQ GDV 0&' �EHU GLH 'LWKLROHQ�*UXSSH
JHEXQGHQ� 'LH ]ZHLWH .RRUGLQDWLRQVVSKlUH GHV 0R�,RQ ZLUG DXIJHEDXW DXV GHQ 5HVWHQ *OQ���/� *OX���/ XQG &\V���/�
(LQ XQEHNDQQWHV $WRP JHEXQGHQ DQ GHQ &\V�5HVW ZXUGH DQKDQG GHU DQRPDOHQ 6WUHXHLJHQVFKDIWHQ EHL GHQ EHLGHQ
JHPHVVHQHQ :HOOHQOlQJHQ� ZLH VHLQHU %LQGXQJ DQ 6γ�&\V���/ DOV 6H FKDUDNWHULVLHUW� �%� XQG �&� ]HLJHQ GDV DNWLYH
=HQWUXP ]XVDPPHQ PLW GHP QDKHQ >�)H��6@�=HQWUXP� 'LIIHUHQ]�)RXULHUV\QWKHVHQ ZXUGHQ EHUHFKQHW PLW GHQ
3KDVHQ GHV IHUWLJHQ 0RGHOOV� GLH ��� JHGUHKW ZXUGHQ� XQG PLW GHQ $PSOLWXGHQ GHU %LMYRHW�'LIIHUHQ]HQ EHL GHQ
:HOOHQOlQJHQ λ� ������ c �%� LQ URW XQG PLW 'DWHQ JHPHVVHQ EHL GHU :HOOHQOlQJH λ� ������ c LQ JHOE� 'LH
)RXULHUV\QWKHVHQ VLQG EHL �σ NRQWXULHUW� I¶¶�:HUWH PLW GHP 3URJUDPP $%625% I�U DXVJHZlKOWH $WRPH EHUHFKQHW�
)H� λ����� H� XQG λ����� H�� 6H� λ������ H� XQG λ������ H�� 6� λ������ H� XQG λ������ H�� 0R� λ������ H� XQG λ������ H��

:HLWHUH�8QWHUVXFKXQJHQ�GHV�DNWLYHQ�=HQWUXPV�GHU�KRFKDNWLYHQ�&2�'HK\GURJHQDVH�6SH]LHV
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$EELOGXQJ ��� %HUHFKQHWH .�$EVRUSWLRQVNDQWHQ XQG I¶¶�:HUWH �2UGLQDWH� I�U GLH DQRPDOHQ 6WUHXHU GHU &2�
'HK\GURJHQDVH �0R� )H� 6H� &X� LQ $EKlQJLJNHLW YRQ GHU :HOOHQOlQJH �$EV]LVVH�� :lKUHQG GLH EHLGHQ



��

:HOOHQOlQJHQ� GLH I�U GLH 0$'�3KDVLHUXQJ JHPHVVHQ ZXUGHQ� QXU ]HLJHQ N|QQHQ� GD� HLQ DQRPDOHU 6WUHXHU PLW HLQHU
$EVRUSWLRQVNDQWH ]ZLVFKHQ ������ XQG ������ c YRUOLHJHQ PX� �GLH HQHUJHWLVFKH /DJH GHU 6WUDKOXQJ� GLH ]XU
'DWHQVDPPOXQJ YHUZHQGHW ZXUGH DOV VFKZDU]H /LQLHQ GDUJHVWHOOW�� NRQQWH PLW GHQ 0HVVXQJHQ EHL ����� XQG ����� c
QDFKJHZLHVHQ ZHUGHQ� GD� HV VLFK EHL GLHVHP 6WUHXHU XP &X KDQGHOQ PX�� GD VLH HLQH $EVRUSWLRQVNDQWH ]ZLVFKHQ
GHQ EHLGHQ :HOOHQOlQJHQ DXI]HLJWHQ�

$XIJUXQG� YRQ� ZLGHUVSU�FKOLFKHQ� (UJHEQLVVHQ�� GLH� LQ� VSlWHU� DXIJHQRPPHQHQ�'DWHQVlW]HQ� GDV

$WRP�DQ�GHU�3RVLWLRQ�GHV�6H�DOV�DQRPDOHQ�6WUHXHU�EHL������c�DXVZLHVHQ��G�K��EHL�HLQHU�(QHUJLH�

GLH�QLFKW�]XU�$EVSDOWXQJ�HLQHV�(OHNWURQV�DXV�GHU�.�6FKDOH�YRQ�6H�DXVUHLFKW��$EE������ZXUGH�HLQ

)OXRUHV]HQ]�6FDQ� LP� %HUHLFK� YRQ� �������� c� EHL� HLQHU� (LQVWUDKOZHOOHQOlQJH� YRQ� ���� c� DQ� GHQ

.ULVWDOOHQ�YRUJHQRPPHQ�
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$EELOGXQJ ��� )OXRUHV]HQ]�6FDQ �������� c� DQ HLQHP JHIURUHQHQ &2�'HK\GURJHQDVH .ULVWDOO� 'HXWOLFKH
)OXRUHV]HQ]�0D[LPD VLQG I�U .DOLXP� (LVHQ� .XSIHU XQG 6HOHQ HUNHQQEDU� 0D[LPD I�U &R� 1L XQG =Q WUHWHQ DOV
9HUXQUHLQLJXQJHQ GHU 3UREH� ZLH GHU 0HVVDSSDUDWXU KlXILJ DXI� 9HUJOHLFKW PDQ GLH )OlFKHQ GHU )H�)OXRUHV]HQ] PLW
GHU &X�)OXRUHV]HQ]� VR HUJLEW VLFK QlKHUXQJVZHLVH HLQ ��� 9HUKlOWQLV� 'LH LQWHQVLYH 6WUDKOXQJ EHL a�� NH9 HQWVSULFKW
GHU $QUHJXQJVZHOOHQOlQJH YRQ ��� c�

'LHVHU�6FDQ�]HLJW�GHXWOLFK�GLH�$QZHVHQKHLW�YRQ�.��)H��&X�XQG�6H� LQ�GHP�&2�'HK\GURJHQDVH

.ULVWDOO��'D�GLH�3UlVHQ]�YRQ�)H�GXUFK�GLH�(LVHQ�6FKZHIHO�=HQWUHQ�HUNOlUEDU�LVW�XQG�.DOLXP�HLQHQ

7HLO� GHV�.ULVWDOOLVDWLRQVSXIIHUV� ELOGHW�� ZXUGHQ�'DWHQVlW]H� EHL�:HOOHQOlQJHQ� DXIJHQRPPHQ�� GLH

MHZHLOV�DXI�GHU�K|KHUHQHUJHWLVFKHQ�XQG�GHU�QLHGHUHQHUJHWLVFKHQ�6HLWH�GHU�.�$EVRUEWLRQVNDQWHQ

YRQ�&X�XQG�6H� OLHJHQ��'D]X�ZXUGH�]XYRU�GLH�/DJH�GHU�$EVRUSWLRQVNDQWH�YRQ�&X�]X��������c

EHVWLPPW�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

=XU� 'DWHQVDPPOXQJ� ZXUGHQ� GLH� :HOOHQOlQJHQ� ������ c�� I�U� GHQ� 'DWHQVDW]� DXI� GHU

QLHGHUHQHUJHWLVFKHQ�6HLWH�XQG�������c��I�U�GHQ�'DWHQVDW]�DQ�GHU�K|KHUHQHUJHWLVFKHQ�6HLWH�GHU�&X

.�$EVRUSWLRQVNDQWH�� DXVJHZlKOW�� )�U� 6H� ZXUGH� NHLQ� 6FDQ� GXUFKJHI�KUW� XQG� GLH� WKHRUHWLVFK

EHVWLPPWH�.�.DQWH�YRQ��������c�YHUZHQGHW��'DWHQVlW]H�ZXUGHQ�EHL�GHQ�:HOOHQOlQJHQ�������

XQG��������c�JHPHVVHQ�

=XU� /RNDOLVLHUXQJ� GHU� DQRPDOHQ� 6WUHXHU� EHL� GHQ� EHWUHIIHQGHQ�:HOOHQOlQJHQ� ZXUGHQ� DQRPDOH

'LIIHUHQ]�)RXULHUV\QWKHVHQ�I�U�DOOH�YHUPHVVHQ�'DWHQVlW]H�EHUHFKQHW��$EE����XQG�����

$EELOGXQJ ��� $QRPDOH 'LIIHUHQ]�)RXULHUV\QWKHVHQ DP DNWLYHQ =HQWUXP �&X�.DQWH�� $QRPDOH
'LIIHUHQ]IRXULHU�6\QWKHVHQ ZXUGHQ I�U HLQHQ 'DWHQVDW] EHL HLQHU :HOOHQOlQJH YRQ λ� ������ c �DXI GHU
QLHGHUHQHUJHWLVFKHQ 6HLWH GHU &X .�.DQWH� XQG λ� ������ c �DXI GHU K|KHUHQHUJHWLVFKHQ 6HLWH GHU &X .�.DQWH�
EHUHFKQHW� 'LH 6LJQDOH GHU DQRPDOHQ 'LIIHUHQ]�)RXULHUV\QWKHVH EHL �σ NRQWXULHUW ]HLJHQ� GD� GDV 0R�QDKH $WRP
VHLQH $EVRUSWLRQVNDQWH ]ZLVFKHQ ����� XQG ����� c KDEHQ PX�� 'LHV HQWVSULFKW GHP WKHRUHWLVFK HUZDUWHWHQ %HUHLFK
I�U GLH $EVRUSWLRQVNDQWH YRQ .XSIHU XQG VWLPPW PLW GHU ]XYRU JHPHVVHQHQ $EVRUSWLRQVNDQWH YRQ &X EHL ��������
c LP &2�'HK\GURJHQDVH .ULVWDOO �EHUHLQ�

'LH� ,GHQWLIL]LHUXQJ� HLQHU�$EVRUSWLRQVNDQWH� I�U� 6WUDKOXQJ� ]ZLVFKHQ� ������ XQG� ������c� I�U� GDV

0R�QDKH� $WRP� Ol�W� GLH� ,GHQWLWlW� GHV� 6WUHXHUV� HLQGHXWLJ� IHVWVWHOOHQ� �$EE������ $XIJUXQG� GHU

(OHPHQWVSH]LILWlW� GHU� $EVRUSWLRQVNDQWHQ� LVW� GLH� )HVWOHJXQJ� GHU� $EVRUSWLRQVNDQWH

JOHLFKEHGHXWHQG�PLW�HLQHU�HLQGHXWLJHQ�,GHQWLIL]LHUXQJ�GHV�$WRPV�DOV�&X�

'LH� I�U�&X�YRUJHQRPPHQHQ�%HUHFKQXQJHQ�GHU� DQRPDOHQ�%HLWUlJH� DXI� GHU� K|KHUHQHUJHWLVFKHQ

XQG� QLHGHUHQHUJHWLVFKH� 6HLWH� GHU� $EVRUSWLRQVNDQWH� ZXUGHQ� DQDORJ� DXFK� I�U� 6H� GXUFKJHI�KUW�

:lKUHQG�GHU�DQRPDOH�6WUHXEHLWUDJ�YRQ�0R�XQG�&X�EHL�EHLGHQ�:HOOHQOlQJHQ���������XQG�������

c�� NODU� HUNHQQEDU� ZDU�� NRQQWH� NHLQH�9HUlQGHUXQJ� GHV� DQRPDOHQ� 6LJQDOV� ]ZLVFKHQ� GHQ� EHLGHQ

:HOOHQOlQJHQ�QDKH�GHV�DNWLYHQ�=HQWUXPV�IHVWJHVWHOOW�ZHUGHQ��$EE�����



��

$EELOGXQJ ��� $QRPDOH 'LIIHUHQ]�)RXULHUV\QWKHVHQ DP DNWLYHQ =HQWUXP �6H�.DQWH�� $QRPDOH
'LIIHUHQ]IRXULHU�6\QWKHVHQ ZXUGHQ I�U HLQHQ 'DWHQVDW] EHL HLQHU :HOOHQOlQJH YRQ λ� ������� c �DXI GHU
QLHGHUHQHUJHWLVFKHQ 6HLWH GHU 6H .�.DQWH� XQG λ� ������� c �DXI GHU K|KHUHQHUJHWLVFKHQ 6HLWH GHU 6H .�.DQWH�
EHUHFKQHW� 'LH JHULQJH 9HUlQGHUXQJ GHV DQRPDOHQ 6LJQDOV GHV 0R�QDKHQ $WRPV ]ZLVFKHQ GHQ EHLGHQ :HOOHQOlQJHQ
]HLJW� GD� GHU 6WUHXHU VLFK LP NRQWLQXLHUOLFKHQ %HUHLFK VHLQHU HOHPHQWW\SLVFKHQ (QHUJLHDEVRUSWLRQ EHILQGHW XQG
NHLQH $EVRUSWLRQVNDQWH LQ GLHVHP %HUHLFK KDW� 'LH WKHRUHWLVFKH $EVRUSWLRQVNDQWH YRQ 6H OLHJW EHL ������ c� G�K�
ZlUH GDV 0R�QDKH $WRP 6H� VR P�VVWHQ VLFK VHLQH DQRPDOHQ 6WUHXHLJHQVFKDIWHQ EHL ������ c XQG ������ c GHXWOLFK
YRQHLQDQGHU XQWHUVFKHLGHQ� ZDV QLFKW GHU )DOO LVW�

6WUXNWXUEHVFKUHLEXQJ�GHU�&2�'HK\GURJHQDVH

'LH�'LPHUVWUXNWXU

&2�'HK\GURJHQDVH� LVW� LQ� /|VXQJ� HLQ� 'LPHU� XQG� HV� ZXUGHQ� LQ� GHU� 3DWWHUVRQ�6XFKH� ]ZHL

0RQRPHUH� SUR� DV\PPHWULVFKHU� (LQKHLW� JHIXQGHQ�� 'LH� *HVDPWVWUXNWXU� NDQQ� DOV� 'LPHU� YRQ

+HWHURWULPHUHQ� �/06� �� EHVFKULHEHQ� ZHUGHQ� �$EE������ 'DV� 9RUOLHJHQ� GHV� 'LPHUV� LQ� GHU

DV\PPHWULVFKHQ� (LQKHLW� ZXUGH� ]XYRU� GXUFK� GLH� %HUHFKQXQJ� GHV�0DWWKHZV�.RHIIL]LHQWHQ�� ZLH

DXFK�GXUFK�GLH�%HUHFKQXQJ�HLQHU�6HOEVWURWDWLRQVIXQNWLRQ�QDKHJHOHJW��'DV�VFKPHWWHUOLQJVI|UPLJH

'LPHU� PLVVW� ��������� c �� PLW� HLQHU� VROYHQV�]XJlQJOLFKHQ� 2EHUIOlFKH� YRQ� ������� c ��� 'LH

EHLGHQ�0RQRPHUH�GHV�'LPHUV�VLQG� LP�ZHVHQWOLFKHQ� LGHQWLVFK��PLW�HLQHU� U�P�V��$EZHLFKXQJ�YRQ

����� c� I�U� GLH� NRUUHVSRQGLHUHQGHQ� & α�$WRPH�� 'LH� 'LPHUNRQWDNIOlFKH� XPID�W� ����� c �� XQG

EHGHFNW� ���� �� GHU� ]XJlQJOLFKHQ� 2EHUIOlFKH� HLQHV� /06�0RQRPHUV�� 'HU� 'LPHUNRQWDNW� ZLUG

GXUFK�HLQH�.RSI�DQ�.RSI�$QRUGQXQJ�GHU�EHLGHQ�/�8QWHUHLQKHLWHQ�DXIJHEDXW�XQG�HUJLEW�VLFK�LP

ZHVHQWOLFKHQ� DXV� GHU� ,QWHUDNWLRQ� HLQHV� β�)DOWEODWWHV�� GDV� PLW� VHLQHP� QLFKWNULVWDOORJUDSKLVFKHQ

6\PPHWULHlTXLYDOHQW�LP�DQGHUHQ�0RQRPHU�LQWHUDJLHUW�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV &2�'HK\GURJHQDVH 'LPHUV� $XI GHU OLQNHQ 6HLWH OLHJW GLH ]ZHL]lKOLJH
6\PPHWULHDFKVH GHV 'LPHUV YHUWLNDO LQ GHU (EHQH GHU $EELOGXQJ� $XI GHU UHFKWHQ 6HLWH VWHKW GLH ]ZHL]lKOLJH $FKVH
VHQNUHFKW DXI GHU 3DSLHUHEHQH� =XU EHVVHUHQ .HQQWOLFKPDFKXQJ GHU 0RQRPHUJUHQ]HQ VLQG LQ GHU XQWHUHQ 5HLKH GLH
0RQRPHUH XQWHUVFKLHGOLFK HLQJHIlUEW� ZlKUHQG LQ GHU REHUHQ 5HLKH GLH (LQIlUEXQJ QDFK 6HNXQGlUVWUXNWXUHOHPHQWHQ
HUIROJWH�

'LH�6WUXNWXU�GHV�0RQRPHUV

'DV� &2�'HK\GURJHQDVH�0RQRPHU� EHVWHKW� DXV� GUHL� 8QWHUHLQKHLWHQ�� ZREHL� MHGH� GHU

8QWHUHLQKHLWHQ�HLQH�6RUWH�YRQ�.RIDNWRU�WUlJW��'LH�5HGR[NRPSRQHQWHQ�HLQHV�/06�VWUXNWXULHUWHQ

0RQRPHUV� VLQG� GHU� 0&'�.RIDNWRU� PLW� GHP� EHQDFKEDUWHQ� >&X0R@�&OXVWHU�� ]ZHL� >�)H��6@�

=HQWUHQ�YRP�7\S�,�XQG�7\S�,,�VRZLH�HLQ�QLFKWNRYDOHQW�JHEXQGHQHV�)$'�0ROHN�O��$EE������'LH

SURVWKHWLVFKHQ�*UXSSHQ�ELOGHQ�GHQ�3IDG�� DXI�GHP�GLH�(OHNWURQHQ�YRP� >&X0R@�=HQWUXP��EHU

GDV�7\S�,�>�)H��6@�=HQWUXP�]XP�7\S�,,� >�)H��6@�=HQWUXP�XQG�VFKOLH�OLFK�]XP�)$'�JHODQJHQ

N|QQHQ��'LH�N�U]HVWHQ�'LVWDQ]HQ�]ZLVFKHQ�GHQ�HLQ]HOQHQ�.RIDNWRUHQ�VLQG������c�]ZLVFKHQ�GHP

0R�,RQ� XQG� GHP� QlKHU� JHOHJHQHQ� )H�,RQ� GHV� SUR[LPDOHQ� 7\S�,� >�)H��6@�=HQWUXP�� ����� c

]ZLVFKHQ� GHQ� EHQDFKEDUWHQ� )H�,RQHQ� GHV� SUR[LPDOHQ� XQG� GHV� GLVWDOHQ� 7\S�,,� >�)H��6@�

=HQWUXPV��VRZLH�����c�]ZLVFKHQ�GHP�&��$WRP�GHV�)$'�XQG�GHP�QlKHUHQ�)H�,RQ�GHV�GLVWDOHQ

>�)H��6@�=HQWUXPV� �$EE������ 'HU� N�U]HVWH� $EVWDQG� YRQ� 5HGR[]HQWUHQ� ]ZLVFKHQ� GHQ� EHLGHQ



��

0RQRPHUHQ� LP�'LPHU� LVW� �����c� ]ZLVFKHQ� GHQ� EHLGHQ� >&X0R@�=HQWUHQ� XQG� HLQH� ,QWHUDNWLRQ

]ZLVFKHQ�GHQ�EHLGHQ�5HGR[NHWWHQ�VFKHLQW�XQZDKUVFKHLQOLFK�

$EELOGXQJ ��� $XIEDX GHV &2�'HK\GURJHQDVH�0RQRPHUV� 'LH GUHL 8QWHUHLQKHLWHQ GHU &2�'HK\GURJHQDVH
N|QQHQ ZHLWHU XQWHUWHLOW ZHUGHQ LQ HLQ]HOQH 'RPlQHQ� 'LH /�8QWHUHLQKHLW LQ GLH F\DQ JHIlUEWH 1�WHUPLQDOH 'RPlQH
XQG GLH EODXH &�WHUPLQDOH 'RPlQH� 'LH 6�8QWHUHLQKHLW WUlJW GLH (LVHQ�6FKZHIHO�=HQWUHQ PLW GHU 1�WHUPLQDOHQ
'RPlQH LQ URW XQG GHU &�WHUPLQDOHQ 'RPlQH LQ RUDQJH� 'LH GUHL 'RPlQHQ GHU 0�8QWHUHLQKHLW VLQG JHOE� ZHLVV XQG
FUHPHIDUEHQ HLQJHIlUEW� VHTXHQWLHOO YRP 1�7HUPLQXV ]XP &�7HUPLQXV� 'LH N�U]HVWHQ 9HUELQGXQJHQ ]ZLVFKHQ GHQ
.RIDNWRUHQ VLQG LQ GHU UHFKWHQ $EELOGXQJ JHNHQQ]HLFKQHW GXUFK HLQH VFKZDU]H� XQWHUEURFKHQH /LQLH� 'LH 'LVWDQ]HQ
]ZLVFKHQ GHQ .RIDNWRUHQ VLQG LQ URW HLQJHWUDJHQ�

$XIEDX�GHU�8QWHUHLQKHLWHQ

6�8QWHUHLQKHLW��(LVHQ�6FKZHIHO�&OXVWHU

'LH�6�8QWHUHLQKHLW� LVW�GDV�(LVHQ�6FKZHIHO�3URWHLQ�GHU�&2�'HK\GURJHQDVH�� 6LH�EHVWHKW� DXV� ���

$PLQRVlXUHQ�XQG�PLVVW����c�����c�����c��'LH�8QWHUHLQKHLW�LVW�GHXWOLFK�LQ�HLQH�1�WHUPLQDOH��DD

������XQG�HLQH�&�WHUPLQDOH�'RPlQH��DD���������XQWHUWHLOEDU��$EE������-HGH�GHU�'RPlQHQ�WUlJW

HLQHV�GHU�VSHNWURVNRSLVFK�XQWHUVFKHLGEDUHQ�>�)H��6@�=HQWUHQ��$EE�����



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV (LVHQ�6FKZHIHO�3URWHLQV GHU &2�'HK\GURJHQDVH� GLH 6�8QWHUHLQKHLW�
,Q GHU OLQNHQ $EELOGXQJ LVW GLH 1�WHUPLQDOH 'RPlQH LQ EODX HLQJHIlUEW� GLH &�WHUPLQDOH 'RPlQH LQ URW� ,Q GHU
UHFKWVVWHKHQGHQ $EELOGXQJ VLQG GLH 5HVWH NRQWLQXLHUOLFK YRP 1�7HUPLQXV ]XP &�7HUPLQXV YRQ EODX �EHU JU�Q XQG
JHOE ELV URW HLQJHIlUEW�

'LH�&�WHUPLQDOH�'RPlQH�WUlJW�GDV�SUR[LPDOH�7\S�,�=HQWUXP��'LHVHV�>�)H��6@�=HQWUXP�OLHJW���

c� XQWHUKDOE� GHU� 3URWHLQREHUIOlFKH� LP� &2�'HK\GURJHQDVH�'LPHU� YHUERUJHQ�� ZREHL� HV� DQ� GHU

8QWHUHLQKHLWHQ�*UHQ]H�]ZLVFKHQ�6��XQG�/�8QWHUHLQKHLW� OLHJW��'DV� >�)H��6@�=HQWUXP� LVW� DP�1�

7HUPLQXV� ]ZHLHU� α�+HOLFHV� ORNDOLVLHUW�� GLH� HLQHQ� 7HLO� GHV� 9LHUKHOL[E�QGHOV� PLW� ]ZHL]lKOLJHU

6\PPHWULH�ELOGHQ��$EE������'LHVH�)DOWXQJ��ZLH�DXFK�GDV�%LQGHPRWLY�&; �&;��&;&��ZXUGH�]XP

HUVWHQPDO� I�U� GLH� HQWVSUHFKHQGH�'RPlQH� LP�0RS�3URWHLQ� EHVFKULHEHQ� �5RPDR�� $UFKHU� HW� DO�

������XQG�VFKHLQW�DXI�0RO\EGlQ�+\GUR[\ODVHQ�EHVFKUlQNW�]X�VHLQ�

'LH�)DOWXQJ�GHU�1�WHUPLQDOHQ�'RPlQH� LVW� lKQOLFK�]X�GHQ�3IODQ]HQ�7\S� >�)H��6@�)HUUHGR[LQHQ

�6WLFKW� XQG� 5RHVFK� ����� �� 6LH� WUlJW� GDV� GLVWDOH� 7\S�,,� >�)H��6@�=HQWUXP�� ZHOFKHV� QDKH� GHU

*UHQ]IOlFKH�GHU�6�8QWHUHLQKHLW�PLW�GHU�0���ZLH�DXFK�GHU�/�8QWHUHLQKHLW� OLHJW��6LH� LVW�DXIJHEDXW

DXV�HLQHP�I�QIVWUlQJLJHQ� β�KDOIEDUUHO��6KHHW�$��$EE�������GDV�HLQH�RUWKRJRQDO�YHUODXIHQGH� α�+HOL[

XPIDVVW�

'LH�VWUXNWXUHOOH�.ODVVLIL]LHUXQJ�GHU�3URWHLQ�'DWHQEDQN�6&23� �0XU]LQ��%UHQQHU�HW�DO������� �WHLOW

GLH� 1�� XQG� &�WHUPLQDOH� 'RPlQH� lKQOLFK� ZLH� REHQ� YRUJHVFKODJHQ� HLQ�� 'LH� )DOWXQJ� GHU� 1�

WHUPLQDOHQ� 'RPlQH� JHK|UW� GDQDFK� ]XU� 6XSHUIDPLOLH� GHU� >�)H��6@�)HUUHGR[LQ� YHUZDQGWHQ

)DOWXQJHQ�XQG�ZLUG�DOV�β�JUDVS��8ELTXLWLQ�lKQOLFKHV�0RWLY�EHVFKULHEHQ��'LH�&�WHUPLQDOH�'RPlQH

ELOGHW�LKUH�HLJHQH�6XSHUIDPLOLH�



��

$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU 6�8QWHUHLQKHLW� α�+HOLFHV ZHUGHQ GXUFK .UHLVH V\PEROLVLHUW XQG β�
)DOWEOlWWHU GXUFK 'UHLHFNH�

/�8QWHUHLQKHLW��0RO\EGlQ�.RIDNWRU�%LQGXQJ

'LH�/�8QWHUHLQKHLW� LVW�KHU]I|UPLJ�PLW�'LPHQVLRQHQ�YRQ������������c ��XQG�EHVWHKW�DXV�]ZHL

'RPlQHQ��$EE�����

$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV 0RO\EGRSURWHLQV �/�8QWHUHLQKHLW�� /LQNV ZXUGHQ GLH EHLGHQ 'RPlQHQ
LQ EODX �1�WHUPLQDOH 'RPlQH� XQG URW �&�WHUPLQDOH 'RPlQH� HLQJHIlUEW� 5HFKWV ZXUGH GDV 3URWHLQ NRQWLQXLHUOLFK
YRP 1�7HUPLQXV LQ EODX �EHU JU�Q� JHOE� RUDQJH ]XP &�7HUPLQXV LQ URW HLQJHIlUEW�

6HLQH�1�WHUPLQDOH�'RPlQH��DD���������LQWHUDJLHUW�PLW�GHU�0��XQG�GHU�6�8QWHUHLQKHLW�LP�JOHLFKHQ

0RQRPHU�� ,KUH� )DOWXQJ� ZLUG� GXUFK� HLQ� VLHEHQ�VWUlQJLJHV� �6KHHW� $� �$EE������ XQG� HLQ� I�QI�

VWUlQJLJHV� �6KHHW� (� �$EE������ JHPLVFKWHV� β�)DOWEODWW� GRPLQLHUW�� 'LH� &�WHUPLQDOH� 'RPlQH� �DD

���������NDQQ�ZHLWHU�XQWHUWHLOW�ZHUGHQ� LQ�]ZHL�6XEGRPlQHQ��'LH�HUVWH�6XEGRPlQH�EHVWHKW�DXV

HLQHU� ]HQWUDOHQ� α�+HOL[� YRQ� ��� $PLQRVlXUHQ�� ZHOFKHV� LQ� HLQ� NOHLQHV� GUHLVWUlQJLJHV� β�)DOWEODWW

�6KHHW�.��$EE������JHIROJW�YRQ�HLQHU� α�+HOL[�OlXIW��VRZLH�HLQHP�YLHUVWUlQJLJHQ� β�)DOWEODWW��6KHHW

-� �$EE�������'LHVHV� LQWHUDJLHUW�PLW� VHLQHP� 6\PPHWULHYHUZDQGWHQ� GHV� DQGHUHQ�0RQRPHUV�� XQG

EDXW� GDPLW� GHQ� +DXSWGLPHU�.RQWDNW� DXI�� 'LH� ]ZHLWH� 6XEGRPlQH� GHU� &�WHUPLQDOHQ� 'RPlQH

EHVWHKW� DXV� HLQHP� ODQJHQ� GUHLVWUlQJLJHQ� DQWLSDUDOOHOHQ� β�)DOWEODWW� �6KHHW�+� �$EE������� GDV� YRQ

VLHEHQ�α�+HOLFHV�XPZXQGHQ�ZLUG��'HU�0&'�0RO\EGlQ�.RIDNWRU�OLHJW�HLQJHEHWWHW�]ZLVFKHQ�GHQ



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

EHLGHQ�'RPlQHQ�XQG�LVW�GXUFK�HLQ�1HW]�DXV�:DVVHUVWRIIEU�FNHQ� LQ�GHU�8QWHUHLQKHLW�YHUDQNHUW
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$EELOGXQJ ��� ,QWHUDNWLRQHQ GHV 0&'�.RIDNWRUV PLW GHU /� XQG 6�8QWHUHLQKHLW� 6FKHPDWLVFKH 'DUVWHOOXQJ
GHU +�%U�FNHQ�:HFKVHOZLUNXQJHQ GHV 0RFR PLW GHQ XPJHEHQGHQ 3URWHLQ�5HVWHQ� +�%U�FNHQ VLQG DOV
GXUFKJH]RJHQH /LQLHQ GDUJHVWHOOW XQG ZXUGHQ DXVJHZlKOW� ZHQQ VLH 'LVWDQ]HQ LP %HUHLFK YRQ ������� c ]ZLVFKHQ
P|JOLFKHQ +�%U�FNHQGRQRUHQ XQG ²DN]HSWRUHQ DXIZHLVHQ� 'LH )DUEH GHU XPJHEHQGHQ .lVWFKHQ HQWVSULFKW GHP
.RQVHUYLHUXQJVJUDG GHU 5HVWH LQ GHU 0RO\EGlQ�+\GUR[\ODVHQ� LQ HLQHP 9HUJOHLFK YRQ FD� �� 0LWJOLHGHUQ GHU
(Q]\PIDPLOLH� %ODX� !��� NRQVHUYLHUW� *U�Q� ������ NRQVHUYLHUW� *HOE� ������ NRQVHUYLHUW� 5RW� ����
NRQVHUYLHUW� 5HVWH� GLH PLW GHP 3\UDQRSWHULQ�7HLO GHV .RIDNWRUV ZHFKVHOZLUNHQ VLQG LP DOOJHPHLQHQ KRFK
NRQVHUYLHUW�

'LH�6&23�'DWHQEDQN�VLHKW�I�U�GLH�/�8QWHUHLQKHLW�HLQH�8QWHUWHLOXQJ�LQ�]ZHL�'RPlQHQ�YRU��GLH

GHU� REHQ� DXIJHI�KUWHQ� (LQWHLOXQJ� QLFKW� HQWVSULFKW�� +LHUQDFK� LVW� GLH� 1�WHUPLQDOH� 'RPlQH� QXU

VHKU�NOHLQ� �DD���������XQG�ZLUG�DOV�HLJHQH�6XSHUIDPLOLH�EH]HLFKQHW��GLH�GXUFK�HLQ� β�KDPPHUKHDG�

0RWLI� JHNHQQ]HLFKQHW� LVW�� 'LH� &�WHUPLQDOH� 'RPlQH� �DD� ��������� ZLUG� DOV� 0RO\EGRSWHULQ�

ELQGHQGH�'RPlQH�EH]HLFKQHW�



��

$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU /�8QWHUHLQKHLW� 'UHLHFNH PDUNLHUHQ β�)DOWEOlWWHU XQG .UHLVH α�+HOLFHV�

0�8QWHUHLQKHLW��)$'

'LH�0�8QWHUHLQKHLW� LVW�GDV�)ODYRSURWHLQ�GHU�&2�'HK\GURJHQDVH��(V�ELQGHW�)$'� LQ�HLQHP����

9HUKlOWQLV�XQG�]HLJW�GLH�0RWLYH� ��$**+6���XQG����7,**�����%HLGH�0RWLYH�VLQG�NRQVHUYLHUW�LQ�GHU

0RO\EGlQ�+\GUR[\ODVH�)DPLOLH� �'REEHN��*UHPHU�HW�DO��������*UHPHU��.HOOQHU�HW�DO������� ��'LH

0�8QWHUHLQKHLW�ZLUG�LQ�GUHL�'RPlQHQ�XQWHUWHLOW��GLH�1�WHUPLQDOH�'RPlQH��DD���������GLH�PLWWOHUH

'RPlQH��DD����������XQG�GLH�&�WHUPLQDOH�'RPlQH��DD�����������

'LH� 1�WHUPLQDOH� 'RPlQH� ZLUG� DXIJHEDXW� GXUFK� HLQ� GUHLVWUlQJLJHV� SDUDOOHOHV� β�)DOWEODWW� �β��

β��6KHHW�$��$EE�������ZHOFKHV�YRQ�]ZHL�+HOLFHV�� α��α���IODQNLHUW�ZLUG��(LQ�/RRS�]ZLVFKHQ� α�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

XQG�β��HLQHU�βαβ�(LQKHLW�EHLQKDOWHW�HLQHV�GHU�EHLGHQ�'RSSHO�*O\FLQ�0RWLYH� �$EE������GLH�PLW

GHP�3\URSKRVSKDW�7HLO�GHV�)$'�0ROHN�OV�LQWHUDJLHUHQ��*O\FLQ�KDOWLJH�0RWLYH�ZHUGHQ�KlXILJ�LQ

1XFOHRWLG�ELQGHQGHQ�3URWHLQEHUHLFKHQ�JHIXQGHQ�ZHUGHQ��6FKXO]�������

'DV� +DXSWVWUXNWXUHOHPHQW� GHU� PLWWOHUHQ� 8QWHUHLQKHLW� LVW� HLQ� I�QI�VWUlQJLJHV� DQWLSDUDOOHOHV� β�

)DOWEODWW� �β��β�� �6KHHW� %��$EE������� GDV� HLQH� ,QVHUWLRQ� YRQ� VHFKV� NOHLQHQ� α�+HOLFHV� �α��α�

�$EE������EHLQKDOWHW��GLH�VLFK�XP�GHQ�$GHQRVLQ�'LQXNOHRWLG�7HLO�GHV�)$'�ZLQGHQ��(LQH�GLHVHU

α�+HOLFHV�WUlJW�GDEHL�GDV�]ZHLWH�'RSSHO�*O\FLQ�0RWLY� �DD��������� �$EE�������GDV�HEHQIDOOV�PLW

GHP� )$'�0ROHN�O� LQWHUDJLHUW�� 'LH� PLWWOHUH� 'RPlQH� ELOGHW� ]XVDPPHQ� PLW� GHU� 1�WHUPLQDOHQ

'RPlQH�GLH�EHLGHQ�)O�JHO��GLH�GHQ�.RIDNWRU�KDOWHQ�

$EELOGXQJ ��� 'LH 6WUXNWXU GHU 0�8QWHUHLQKHLW� �$� 0ROHNXODUH ,QWHUDNWLRQHQ ]ZLVFKHQ )$' XQG GHU 0�
8QWHUHLQKHLW� 'LH $WRPH GHV ,VRDOOR[D]LQULQJHV VLQG EHVFKULIWHW� 'LH $PLQRVlXUHQ� GLH GDV )$' 0ROHN�O �EHU +�
%U�FNHQ ELQGHQ N|QQHQ VLQG PDUNLHUW� :lKUHQG GLH 1�WHUPLQDOH 'RPlQH �JHOEH .lVWFKHQ� QXU GHQ 'LQXNOHRWLG�
$QWHLO GHV )$' 0ROHN�OV ELQGHW� LQWHUDJLHUW GLH PLWWOHUH 'RPlQH DXFK PLW GHP 5LERIODYLQ�$QWHLO� 'LH &�WHUPLQDOH
'RPlQH �%ODXH .lVWFKHQ� ]HLJW QXU HLQH P|JOLFKH :DVVHUVWRIIEU�FNH ]XP ,VRDOOR[D]LQULQJ� �%� )DOWXQJ GHU 0�
8QWHUHLQKHLW� 'LH 1�WHUPLQDOH 'RPlQH LVW JHOE HLQJHIlUEW� GLH PLWWOHUH 'RPlQH URW XQG GLH &�WHUPLQDOH 'RPlQH LQ
EODX� 7\U ��� YHUULQJHUW GLH =XJlQJOLFKNHLW GHV ,VRDOOR[D]LQULQJHV I�U GDV XPJHEHQGH 6ROYHQV XQG LVW F\DQ
HLQJHIlUEW�

'LH�&�WHUPLQDOH�'RPlQH�HQWKlOW�HLQ�GUHL�VWUlQJLJHV�DQWLSDUDOOHOHV� β�)DOWEODWW��6KHHW�'��$EE������

GDV� LQ�HLQ�'UHL�+HOL[�%�QGHO� � α���α��� �$EE������ OlXIW��'HU�,VRDOOR[D]LQ�5LQJ�GHV�)$'�LVW�QXU

YRQ�HLQHU�6HLWH�]XJlQJOLFK�LVW��GLH�QDKH�GHU�*UHQ]IOlFKH�]ZLVFKHQ�GHQ�8QWHUHLQKHLWHQ�OLHJW��'HU

]HQWUDOH�7HLO�GHV�,VRDOOR[D]LQ�5LQJHV�ZLUG�YRQ�GHU�XPJHEHQGHQ�/|VXQJ�GXUFK�7\U�����JHVFK�W]W�

GHU� HLQ� 7HLO� HLQHV� ODQJJHVWUHFNWHQ� /RRSV� ]ZLVFKHQ� GHP� HUVWHQ� XQG� ]ZHLWHQ� )DOWEODWW� GHU� &�

WHUPLQDOHQ�'RPlQH�LVW��(LQ�7HLO�GHV�'LPHWK\OEHQ]HQULQJHV�EOHLEW�ZHLWHUKLQ�]XJlQJOLFK��'LHV�JLOW



��

I�U� GLH� &��� XQG� &��3RVLWLRQHQ� PLW� LKUHQ� 0HWK\O�*UXSSHQ�� ZLH� DXFK� I�U� GLH� &��3RVLWLRQ� GHV

,VRDOOR[D]LQ�5LQJHV��'DV�&�D��XQG�1��$WRP�NDQQ�HYWO��GXUFK�.RQIRUPDWLRQVlQGHUXQJHQ�GHU�&�

WHUPLQDOHQ�'RPlQH�RGHU�7\U���� ]XJlQJOLFK�ZHUGHQ�

$EELOGXQJ ��� 6HTXHQ]YHUJOHLFK GHU 0R�+\GUR[\ODVH�)ODYRSURWHLQH� 6HTXHQ]YHUJOHLFK YRQ &R[0 GHU &2�
'HK\GURJHQDVH YRQ 2OLJRWURSKD FDUER[LGRYRUDQV PLW GHQ NRUUHVSRQGLHUHQGHQ %HUHLFKHQ UHSUlVHQWDWLYHU 0LWJOLHGHU GHU
0RO\EGlQ�+\GUR[\ODVH�)DPLOLH� &2'+� &2�'HK\GURJHQDVH YRQ 2� FDUER[LGRYRUDQV �FR[0� 6ZDOO� 4�������
4XLQ25� &KLQROLQ���2[LGRUHGXNWDVH YRQ 3VHXGRPRQDV SXWLGD �TRU0� 6ZDOO� 3������� 1LFRW'+� 1LFRWLQ�
'HK\GURJHQDVH YRQ $UWKUREDFWHU QLFRWLQRYRUDQV �QGK$� 6ZDOO� 4������� ;'+&9� ;DQWKLQ�'HK\GURJHQDVH YRQ
&DOOLSKRUD YLFLQD �[GK� 6ZDOO� ;'+ &$/9,�� ;'+'0� ;DQWKLQ�'HK\GURJHQDVH YRQ 'URVRSKLOD PHODQRJDVWHU �[GK�
6ZDOO� ;'+ '520(�� =ZHL %HUHLFKH DXV KHUDXVJHKREHQHQ $PLQRVlXUHQ VLQG YHUDQWZRUWOLFK I�U GLH )$'�%LQGXQJ
XQG LQ URW XQG EODX PDUNLHUW� 'LH HQWVSUHFKHQGHQ 0RWLYH I�U GLH )$'�%LQGXQJ EHL (Q]\PHQ GHU 0RO\EGlQ�
+\GUR[\ODVH )DPLOLH VLQG lKQOLFK ]X GHQHQ� GLH I�U GLH 9DQLOO\O�$ONRKRO�2[LGDVH�)DPLOLH GHU )ODYRSURWHLQH JHIXQGHQ
ZHUGHQ� 'LH 6HNXQGlUVWUXNWXU ZLUG GDUJHVWHOOW GXUFK 3IHLOH I�U β�)DOEOlWWHU XQG %DONHQ I�U α�+HOLFHV� HLQJHIlUEW
QDFK GHQ )DUEHQ GHU 'RPlQHQ� $PLQRVlXUH�5HVWH� GLH ZHQLJVWHQV GUHLPDO LQ HLQHU 5HLKH DXIWDXFKHQ VLQG LQ JU�Q
HLQJHIlUEW� 'LH 3RVLWLRQ YRQ 7\U ��� LVW PDUNLHUW GXUFK HLQHQ &\DQ HLQJHIlUEWHQ .UHLV�

'LH� 6&23�.ODVVLILHUXQJ� GHU� 0�8QWHUHLQKHLW� JUXSSLHUW� GLH� 1�WHUPLQDOH� XQG� PLWWOHUH� 'RPlQH

]XVDPPHQ�LQ�HLQH�'RPlQH��DD��������GHU�6XSHUIDPLOLH�GHU�)$'�ELQGHQGHQ�'RPlQHQ�PLW�]ZHL

JHPLVFKWHQ� α�β�8QWHUGRPlQHQ��'LH�&�WHUPLQDOH�'RPlQH�ZLUG� GHILQLHUW� ZLH� REHQ� XQG� ELOGHW

LKUH�HLJHQH�6XSHUIDPLOLH�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU 0�8QWHUHLQKHLW� 'UHLHFNH VWHOOHQ β�)DOWEOlWWHU XQG .UHLVH α�+HOLFHV
GDU�

0RO\EGlQ�XQG�.XSIHU�LP�DNWLYHQ�=HQWUXP

$EELOGXQJ ��� 'HU ]ZHLNHUQLJH >&X0R@�&OXVWHU� GDV DNWLYH =HQWUXP GHU &2�'HK\GURJHQDVHQ�

'DV�DNWLYH�=HQWUXP�GHU�&2�'HK\GURJHQDVH�NRQQWH�GXUFK�GLH�.ULVWDOOVWUXNWXU�DOV�HLQ�QHXDUWLJHV�

]ZHLNHUQLJHV� &X� XQG�0R� HQWKDOWHQGHV� =HQWUXP� FKDUDNWHULVLHUW� ZHUGHQ� �$EE������ 'DV�0R�,RQ



��

EHILQGHW� VLFK� LQ� R[LGLHUWHU� &2�'HK\GURJHQDVH� LP� 2[LGDWLRQV]XVWDQG� �9,� XQG� ZLUG� YRQ� �

GLUHNWHQ�/LJDQGHQ� NRRUGLQLHUW��'DV�=HQWUXP� EHVWHKW� DXI� GHU� HLQHQ� 6HLWH� DXV� HLQHP�&X�$WRP�

JHEXQGHQ�DQ�GDV�6γ�$WRP�YRQ�&\V�����XQG�DXI�GHU�DQGHUHQ�6HLWH�DXV�GHU�0R�+\GUR[R��2[R�

*UXSSH�� OLJDQGLHUW�GXUFK�GUHL�6FKZHIHO�$WRPH��=ZHL�GHU� 6FKZHIHO� �6��XQG�6��� NRPPHQ�GDEHL

YRP� 0RO\EGRSWHULQ�.RIDNWRU�� ZlKUHQG� GDV� GULWWH� $WRP� HLQ� &X� XQG� 0R� YHUEU�FNHQGHU� µ�

6XOILGR�/LJDQG� LVW��'LH�$QZHVHQKHLW� GHV� µ�6XOILGR�/LJDQGHQ�NRQQWH� HUVW�EHL� GHU�8QWHUVXFKXQJ

GHU�KRFKDNWLYHQ�)RUP�GHU�&2�'HK\GURJHQDVH�HUNDQQW�ZHUGHQ��'LHVHV�(Q]\P�VWDPPW�DXV�HLQHU

5HLQLJXQJ��GLH�HLQ�3URWHLQ�PLW�ELVODQJ�K|FKVWHU� VSH]LILVFKHQ�$NWLYLWlW� OLHIHUWH� �/�*UHPHU�������

5HGR[GLIIHUHQ]VSHNWUHQ�]ZLVFKHQ�'LWKLRQLW�UHGX]LHUWHU�XQG�&2�UHGX]LHUWHU�&2�'HK\GURJHQDVH

ODVVHQ�HUNHQQHQ��GD��GLHVHV�(Q]\P�]X�PHKU�DOV�����NDWDO\WLVFK�NRPSHWHQW�LVW��/�*UHPHU�������

7URW]� GHU� 3HQWDNRRUGLQDWLRQ� GHV� 0R� ZHLVHQ� GLH� :LQNHO� ]ZLVFKHQ� GHQ� /LJDQGHQ� HV� DOV� HLQH

WHWUDHGULVFKH� .RRUGLQDWLRQ� DXV�� ZREHL� GHU� 'LWKLROHQ�/LJDQG� �EHU� HLQHP� 6FKHLWHOSXQNW� GHV

7HWUDHGHUV� VLW]W� XQG� DOV� HLQ� HLQ]HOQHU� ]ZHL]lKQLJHU� /LJDQG� EHWUDFKWHW� ZHUGHQ� NDQQ�� 'LH

$QZHVHQKHLW� GHV� YROXPLQ|VHQ�'LWKLROHQ�/LJDQGHQ�EHZLUNW�GDEHL� HLQH�9HUN�U]XQJ� GHV�:LQNHOV

]ZLVFKHQ� GHP� µ�6XOILGR�/LJDQGHQ� XQG� GHP�+\GUR[R�/LJDQGHQ�� GLH� GHU�'LWKLROHQ�*UXSSH� DP

QlFKVWHQ� VLQG� �$EE������ 8QWHU� GHQ� GUHL� 6FKZHIHO�/LJDQGHQ� ]HLJW� GHU� µ�6XOILGR�/LJDQG� GLH

VWlUNVWHQ�:HFKVHOZLUNXQJHQ�PLW�GHP�0R��UHVXOWLHUHQG�LQ�NXU]HQ�%LQGXQJVDEVWlQGHQ�]ZLVFKHQ� µ�

6XOILGR�/LJDQGHQ�XQG�0R�YRQ�����������c�� W\SLVFK� I�U�HLQH�0R�6�(LQIDFKELQGXQJ�PLW�:HUWHQ

XP�����c��6FKLQGHOLQ��.LVNHU�HW�DO������� �

&X�KDW�QXU�]ZHL�GLUHNWH�/LJDQGHQ��HV�WHLOW�GHQ� µ�6XOILGR�/LJDQGHQ�PLW�0R�XQG�LVW�]XVlW]OLFK�DQ

GDV�6γ�$WRP�YRQ�&\V�����JHEXQGHQ� �$EE������ 6LH� OLHJHQ� LQ�HLQHU� YHU]HUUW�OLQHDUHQ�$QRUGQXQJ

YRU�XQG�]HLJHQ�%LQGXQJVOlQJHQ�XP������c��'LH�OLQHDUH�.RRUGLQDWLRQVJHRPHWULH��ZLH�GDV�)HKOHQ

YRQ� &X�,,��W\SLVFKHQ� (65�� XQG� 89�9,6�VSHNWURVNRSLVFKHQ� (LJHQVFKDIWHQ�� NHQQ]HLFKQHQ� GHQ

2[LGDWLRQV]XVWDQG�GHV�&X�$WRPV�DOV�&X��,��

'LH�&2�'HK\GURJHQDVH�YRQ�+\GURJHQRSKDJD�SVHXGRIODYD

&2�'HK\GURJHQDVH�YRQ�+��SVHXGRIODYD�LQ�*HJHQZDUW�YRQ�0R�LP�.XOWXUPHGLXP

'LH� 6WUXNWXU� GHU� DNWLYHQ�0R SOXV� &2�'HK\GURJHQDVH� YRQ� +�� SVHXGRIODYD� ]HLJW� HLQH� VHKU� lKQOLFKH

)DOWXQJ�XQG�$QRUGQXQJ�GHU�8QWHUHLQKHLWHQ�ZLH�GLH�&2�'HK\GURJHQDVH�YRQ� 2��FDUER[LGRYRUDQV�

'DV�VFKPHWWHUOLQJVI|UPLJH�'LPHU�KDW�HLQH�*HVDPWDXVGHKQXQJ�YRQ����������c ���'LH�EHLGHQ

0RQRPHUH�]HLJHQ� UPV�$EZHLFKXQJHQ�YRQ������c�I�U�GLH�& α�$WRPH��'HU�$XIEDX�LQ�/���0��XQG

6�8QWHUHLQKHLW�HQWVSULFKW�GHU� 2��FDUER[LGRYRUDQV�6WUXNWXU��'LH�SURVWKHWLVFKHQ�*UXSSHQ�ELOGHQ�GHQ

3IDG�I�U�GHQ�LQWUDPROHNXODUHQ�(OHNWURQHQWUDQVIHU�PLW�GHQ�N�U]HVWHQ�'LVWDQ]HQ�YRQ�0R�²�)H >�)H�

�6@ , ������c��)H >�)H��6@ ,��)H>�)H��6@ ,, �����c��)H>�)H��6@ ,,�)$'&+��D �����c��(LQH�hEHUODJHUXQJ�GHU�&α�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$WRPH�GHU�0RQRPHUH�YRQ�+��SVHXGRIODYD�XQG�2��FDUER[LGRYRUDQV�&2�'HK\GURJHQDVHQ�]HLJHQ� UPV�

$EZHLFKXQJHQ�YRQ������c�������c�������c�XQG������c�I�U�GLH�/���6��XQG�0�8QWHUHLQKHLWHQ���'DV

'LPHU�*UHQ]IOlFKH� GHU� EHLGHQ� +HWHURWULPHUH� LVW� GLFKW� JHSDFNW�� EHGHFNW� ����� c �� GHU

]XJlQJOLFKHQ� 2EHUIOlFKH� XQG� ZLUG� GXUFK� HLQH� .RSI�]X�.RSI� $QRUGQXQJ� GHU� EHLGHQ� /�

8QWHUHLQKHLWHQ�DXIJHEDXW�

'LH�6�8QWHUHLQKHLW�KDW�$XVPD�H�YRQ��������c ��XQG�LVW�JHWHLOW�LQ�HLQH�&�WHUPLQDOH��DD��������

XQG�HLQH�1�WHUPLQDOH�'RPlQH��DD��������GLH�EHLGH� MH�HLQHQ�>�)H��6@�&OXVWHU�ELQGHQ��'DV�7\S�,

=HQWUXP� OLHJW� ���c� XQWHUKDOE� GHU� 3URWHLQREHUIOlFKH�� QDKH� GHU�.RQWDNWIOlFKH� ]ZLVFKHQ� GHU� /�

XQG�6�8QWHUHLQKHLW�XQG�ZLUG�GXUFK�]ZHL�/RRSV�JHKDOWHQ��'DV�HUVWH�)H�,RQ�ZLUG�JHEXQGHQ�GXUFK

&\V�����XQG�&\V������GDV�]ZHLWH�GXUFK�&\V�����XQG�&\V������*OQ�����GHU�6�8QWHUHLQKHLW�NDQQ

�EHU�VHLQH�$PLG�*UXSSH�PLW�HLQHP�GHU�6�$WRPH�GHV�7\S�,�=HQWUXPV�ZHFKVHOZLUNHQ������c��XQG

�EHU� VHLQH� 2ε��*UXSSH� PLW� GHU� $PLQRJUXSSH� DQ� GHU� &�� 3RVLWLRQ� GHV� 3\ULPLGLQ�5LQJHV� GHV

0RFR��'DV�7\S�,,�=HQWUXP� OLHJW� ]ZLVFKHQ�GHU�6�� XQG�GHU�0�8QWHUHLQKHLW��'DV�)DOWXQJVPRWLY

ZLUG� DXV� HLQHP� I�QIVWUlQJLJHQ� DQWLSDUDOOHOHQ�SDUDOOHOHQ� β�)DOWEODWW�� ZHOFKHV� HLQH� α�+HOL[

RUWKRJRQDO� ]XU� 5LFKWXQJ� GHU� )DOWEOlWWHU� XPVFKOLH�W�� JHELOGHW�� (LQ� )H�$WRP� GHV� >�)H��6@�

=HQWUXPV�ZLUG�GXUFK�GDV�6 γ�$WRP�GHV�&\V����XQG�&\V����NRRUGLQLHUW��GDV�DQGHUH�GXUFK�&\V���

XQG�&\V����

'LH� 0�8QWHUHLQKHLW� KDW� 'LPHQVLRQHQ� YRQ� ������� c �� XQG� ZLUG� DXIJHEDXW� GXUFK� HLQH� 1�

WHUPLQDOH��DD��������HLQH�PLWWOHUH��DD���������XQG�HLQH�&�WHUPLQDOH�'RPlQH��DD����������$EE�����

)$'� ZLUG� JHEXQGHQ� GXUFK� GLH� 1�WHUPLQDOH� XQG� GLH� PLWWOHUH� 'RPlQH�� (LQ� β�WXUQ� GHU� 1�

WHUPLQDOHQ�'RPlQH� WUlJW�GDV�0RWLY� ��$**+6����GHVVHQ�5HVWH�PLW�GHP�3\URSKRVSKDW�7HLO� GHV

)$'� LQWHUDJLHUHQ��'LH� PLWWOHUH� 'RPlQH� EHLQKDOWHW� HLQ� I�QIVWUlQJLJHV� DQWLSDUDOOHOHV� β�)DOWEODWW

PLW� HLQHU� ,QVHUWLRQ� YRQ� �� NOHLQHQ� α�+HOLFHV�� GLH� VLFK� XP� GHQ� $'3� 7HLO� GHV� )$'� 0ROHN�OV

ZLQGHQ�� (LQH� GLHVHU�+HOLFHV� EHLQKDOWHW� GDV� ]ZHLWH� )$'� ELQGHQGH�0RWLY� ���7,**'����� 'LH� &�

WHUPLQDOH�'RPlQH��GLH�GXUFK�HLQHQ�IOH[LEOHQ� /RRS�PLW�GHU�PLWWOHUHQ�'RPlQH�YHUEXQGHQ�LVW��WUlJW

7US� ���� DXI� HLQHP� DXVJHGHKQWHQ� /RRS�� 'LH� 7US�6HLWHQNHWWH� � YHUELUJW� GHQ� ]HQWUDOHQ� 7HLO� GHV

,VRDOOR[D]LQULQJHV�PLW�GHQ�UHGR[DNWLYHQ�&�D��XQG�1��$WRPHQ�YRU�GHU�XPJHEHQGHQ�/|VXQJ��'LH

&���XQG�&��0HWK\OJUXSSHQ��VRZLH�GDV�&��$WRP�GHV�'LPHWK\OEHQ]HQULQJHV�GHV�)$'�YHUEOHLEHQ

GHU� /|VXQJ� ]XJlQJOLFK�� 0LW� $XVQDKPH� ZHQLJHU� $PLQRVlXUHQDXVWDXVFKH� ]ZLVFKHQ� 2�

FDUER[LGRYRUDQV�XQG�+��SVHXGRIODYD�HQWVSUHFKHQ�VLFK�GLH�,QWHUDNWLRQHQ�]ZLVFKHQ�3URWHLQ�XQG�)$'�

'LH�/�8QWHUHLQKHLW�KDW� HLQH�KHU]I|UPLJH�*HVWDOW�PLW�'LPHQVLRQHQ�YRQ��������c ��XQG�NDQQ

XQWHUWHLOW�ZHUGHQ�LQ�HLQH�1�WHUPLQDOH�'RPlQH��DD��������XQG�HLQH�&�WHUPLQDOH�'RPlQH��DD�����

������GLH�]XHLQDQGHU�QlKHUXQJVZHLVH�RUWKRJRQDO� OLHJHQ��ZREHL�GHU�0RFR�LP�,QWHUIDFH� ORNDOLVLHUW

LVW��$EE������'HU�0RFR�HUVWUHFNW�VLFK�LP�,QQHUHQ�GHU�/�8QWHUHLQKHLW�PLW�HLQHU�PD[LPDOHQ�/lQJH



��

YRQ����c�]ZLVFKHQ�GHU�2[R�*UXSSH�DQ�GHU�&��3RVLWLRQ�GHV�3\ULPLGLQULQJHV�GHV�3\UDQRSWHULQV

XQG� GHU� $PLQRJUXSSH� DQ� GHU� &�� 3RVLWLRQ� GHV� &\WRVLQV�� 'HU� .RIDNWRU� OLHJW� PLW� VHLQHP

3\UDQRSWHULQ�7HLO� XQG� GHP� 0R�,RQ� DQ� GHU� %DVLV� GHU� (LQVW�OSXQJ� GHV� DNWLYHQ� =HQWUXPV�

DXVJHELOGHW� GXUFK� GLH�1�WHUPLQDOH�'RPlQH��'HU� �C�&'3�$QWHLO� OLHJW� LQ� GHU� HQWJHJHQJHVHW]WHQ

5LFKWXQJ� WLHI�YHUERUJHQ�YRQ�GHU�&�WHUPLQDOHQ�'RPlQH��'LH�1�WHUPLQDOH�'RPlQH�EHVLW]W� ]ZHL

XQWHUVFKLHGHQH� 6XEGRPlQHQ�� 'HU� XQWHUH�� G�QQH� 7HLO� GHU� 'RPlQH� EHVWHKW� DXV� HLQHP� I�QI�

VWUlQJLJHQ� DQWLSDUDOOHO��SDUDOOHOHQ� β�)DOWEODWW�� ZHOFKHV� GXUFK� ]ZHL� α�+HOLFHV� IODQNLHUW� ZLUG� XQG

HLQHU�GULWWHQ�+HOL[��EHU�GHP�)DOWEODWW��'HU�GLFNHUH�REHUH�7HLO�ZHFKVHOZLUNW�PLW�GHU�6��XQG�GHU�0�

8QWHUHLQKHLW�LP�VHOEHQ�0RQRPHU�XQG�GHU�1�WHUPLQDOHQ�'RPlQH�GHU�/�8QWHUHLQKHLW�GHV�DQGHUHQ

0RQRPHUV�� 6HLQH� )DOWXQJ� ZLUG� GRPLQLHUW� GXUFK� HLQ� VLHEHQVWUlQJLJHV� DQWLSDUDOOHO�SDUDOOHOHV� β�

)DOWEODWW��ZHOFKHV�HLQH�]HQWUDOH� α�+HOL[�XPK�OOW��XQG� LVW� IODQNLHUW�GXUFK�]ZHL� α�+HOLFHV��'LH�&�

WHUPLQDOH�'RPlQH�NDQQ�LQ�]ZHL�)O�JHO�XQWHUWHLOW�ZHUGHQ��GLH����c�XPIDVVHQ��'HU�3\URSKRVSKDW�

7HLO� GHV� 0RFR� OLHJW� DP� 6FKQLWWSXQNW� GHU� )O�JHO�� 'HU� HUVWH� 7HLO� EHVWHKW� DXV� HLQHP� JURVVHQ

YLHUVWUlQJLJHQ�DQWLSDUDOOHO�SDUDOOHOHP� β�)DOWEODWW��XPJHEHQ�YRQ� I�QI� α�+HOLFHV��'HU� ]ZHLWH�7HLO

EHVWHKW�DXV�HLQHU�JUR�HQ��]HQWUDOHQ� α�+HOL[��GLH�LQ�HLQ�VFKPDOHV��GUHLVWUlQJLJHV��DQWLSDUDOOHOHV� β�

)DOWEODWW�P�QGHW��GHP�HLQH� α�+HOL[�XQG�HLQ�YLHUVWUlQJLJHV�DQWLSDUDOOHO�SDUDOOHOHV� β�)DOWEODWW�IROJW�

GDV�PLW�GHP�DQGHUHQ�0RQRPHU�LQWHUDJLHUW�

$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHU )DOWXQJ GHU /�8QWHUHLQKHLW GHU &2�'HK\GURJHQDVH YRQ +�

SVHXGRIODYD� 'LH 1�WHUPLQDOH XQG &�WHUPLQDOH 'RPlQH� +HOLFHV VLQG LQ URW� )DOWEOlWWHU LQ JHOE XQG ORRSV LQ JU�Q
HLQJHIlUEW�

(LQ�6XEVWUDWNDQDO�PLW�(LQJDQJ�QDKH�GHU�'LPHUJUHQ]IOlFKH�HQGHW�DP�0RFR��(V�LVW�HLQ�VFKPDOHU�

K\GURSKREHU� .DQDO� YRQ� ��� c� /lQJH� XQG� �� c� %UHLWH� �JHPHVVHQ� YRQ� GHQ� & β�$WRPHQ� GHU

XPJHEHQGHQ�$PLQRVlXUHQ���'HU�.DQDO��ZLH�GHU�0RFR��VLQG�XPJHEHQ�YRQ�GHU�1�WHUPLQDOHQ�XQG



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

GHU�&�WHUPLQDOHQ�'RPlQH��'DV�DNWLYH�=HQWUXP�GHU� +��SVHXGRIODYD�&2�'HK\GURJHQDVH�LVW�GHP�GHU

2�� FDUER[LGRYRUDQV� &2�'HK\GURJHQDVH� VHKU� lKQOLFK�� $XIJUXQG� GHU� JHULQJHUHQ�$XIO|VXQJ� LVW� GLH

,QWHUSUHWDWLRQ�GHU�/LJDQGHQ�GHV�DNWLYHQ�=HQWUXPV�QLFKW�HLQGHXWLJ��HQWVSULFKW�DEHU�RIIHQVLFKWOLFK

LP� ZHVHQWOLFKHQ� GHP� GHU� 2�� FDUER[LGRYRUDQV� &2�'HK\GURJHQDVH�� 'LH� 2[R�*UXSSH� LVW� LQ

:DVVHUVWRIIEU�FNHQ�'LVWDQ]� ]XU� 1 ε��*UXSSH� YRQ�*OQ� ����� ZHOFKHU� 7HLO� HLQHV� β�7XUQV� HLQHU

βαβ�(LQKHLW�LVW��,Q�7UDQV�3RVLWLRQ�]XU�2[R�*UXSSH�OLHJW�2 ε��YRQ�*OX�����LQ�HLQHU�(QWIHUQXQJ

YRQ� ���� c�� $XIJUXQG� GHU� 3DUDOOHOHQ� LQ� 5HDNWLYLWlW� ZLH� ,QDNWLYLHUXQJ� LVW� DQ]XQHKPHQ�� GD�� GLH

,QWHUSUHWDWLRQ�HLQHV�6H�$WRPV�LP�DNWLYHQ�=HQWUXP� �+lQ]HOPDQQ��'REEHN�HW�DO������� �DXFK�I�U

+��SVHXGRIODYD�QLFKW�NRUUHNW�LVW�XQG�KLHU��ZLH�EHL� 2��FDUER[LGRYRUDQV�&2�'HK\GURJHQDVH�GDV�>&X0R@

=HQWUXP� GDV� +HU]� GHU� NDWDO\WLVFKHQ� (LQKHLW� LVW�� 'LH� 'LVWDQ]� ]ZLVFKHQ� &X� XQG�0R� LVW� LQ� +�

SVHXGRIODYD�&2�'HK\GURJHQDVH�PLW�����c�HWZD�����c�OlQJHU�DOV�LQ�GHP� 2��FDUER[LGRYRUDQV�(Q]\P�

9HUIHLQHUXQJHQ�GHV�7HPSHUDWXU�)DNWRUV�OHJHQ�HLQH�&X�%HVHW]XQJ�GHU�XQWHUVXFKWHQ� +��SVHXGRIODYD

&2�'HK\GURJHQDVH�6SH]LHV�YRQ�FD�������0RO�SUR�0RO�0RQRPHU�QDKH�

'LH�6HLWHQNHWWH�YRQ�$UJ�����PLW�LKUHU�*XDQLGLQLXP�*UXSSH�HUVWUHFNW�VLFK�YRP�0R�,RQ�ELV�]XP

3\UD]LQULQJ�GHU�3\UDQRSWHULQ�(LQKHLW�PLW�1+��XQG�1+��GHU�*XDQLGLQLXP�*UXSSH�QDKH�EHL�GHU

1+�� 3RVLWLRQ� GHV� 3\UD]LQ�5LQJHV�� $UJ� ���� LQ� GHU� /�8QWHUHLQKHLW� GHU� +�� SVHXGRIODYD� &2�

'HK\GURJHQDVH�XQG�$UJ�����LQ�GHU�/�8QWHUHLQKHLW�GHU� 2��FDUER[LGRYRUDQV�&2�'HK\GURJHQDVH��ZLH

$UJ�����YRQ�0RS� �5RPDR��$UFKHU�HW�DO������� �XQG�0RG� �5HEHOR��0DFLHUD�HW�DO������� �EHVLW]HQ

GLH�JOHLFKH�.RQIRUPDWLRQ�XQG�2ULHQWLHUXQJ�GHU�6HLWHQNHWWH��=XVlW]OLFKH�GHXWOLFKH�'LFKWH�DP�& γ

$WRP�YRQ�$UJ�����GHU�+��SVHXGRIODYD�&2�'HK\GURJHQDVH�ZXUGH�DOV�HLQH�+\GUR[\O�*UXSSH��LQ����

c�$EVWDQG�YRP�0R�,RQ�PRGHOOLHUW��(LQ�P|JOLFKH�)XQNWLRQ�GLHVHU�+\GUR[\O�*UXSSH�N|QQWH�GLH

6WDELOLVLHUXQJ� GHU� JHVWUHFNWHQ� .RQIRUPDWLRQ� YRQ� $UJ� ���� VHLQ�� 'LH� 7DWVDFKH�� GD�� 2�

FDUER[LGRYRUDQV�&2�'HK\GURJHQDVH�GLHVH�0RGLILNDWLRQ�QLFKW�HQWKlOW��GHXWHW�DOOHUGLQJV�DQ��GD��VLH

I�U�GLH�)XQNWLRQ�QLFKW�HVVHQWLHOO�LVW�

&2�'HK\GURJHQDVH�YRQ�+��SVHXGRIODYD�LQ�$EZHVHQKHLW�YRQ�0R�LP�.XOWXUPHGLXP

,QDNWLYH� 0RPLQXV� &2�'HK\GURJHQDVH� ZLUG� SURGX]LHUW� LQ� *HJHQZDUW� HLQHV� hEHUVFKXVVHV� DQ

:ROIUDP� JHJHQ�EHU� 0RO\EGlQ� LP� :DFKVWXPVPHGLXP� �+lQ]HOPDQQ� XQG� 0H\HU� ����� �� 'LH

*HVDPWVWUXNWXU�LVW�GLH�JOHLFKH�ZLH�EHL�0R SOXV�&2�'HK\GURJHQDVH��'LHVH�bKQOLFKNHLW�XPID�W�GHQ

$XIEDX�GHV�(Q]\PV��ZHOFKHV�HEHQVR�HLQ�'LPHU�DXV�+HWHURWULPHUHQ�LVW��ZLH�GLH�$QZHVHQKHLW�GHU

EHLGHQ� >�)H��6@�=HQWUHQ�� (LQ� 1DFKZHLV� YRQ� &X� ZXUGH� EHL� GLHVHP� (Q]\P� QRFK� QLFKW

GXUFKJHI�KUW�� *U|VVHUH� NRQIRUPDWLRQHOOH� bQGHUXQJHQ�� ZLH� 'RPlQHQ�� RGHU� /RRS�%HZHJXQJHQ

ZXUGHQ�QLFKW�JHIXQGHQ��(LQH�hEHUODJHUXQJ�GHU�& α�$WRPH�GHV�0RQRPHUV�YRQ�0R SOXV�XQG�0RPLQXV

&2�'HK\GURJHQDVH�HUJLEW�HLQH� UPV�$EZHLFKXQJ�YRQ������c��'LH�/�8QWHUHLQKHLW�YRQ�0R PLQXV�&2�

'HK\GURJHQDVH�EHLQKDOWHW�QXU�GHQ��¶�&'3�7HLO��DEHU�QLFKW�GHQ�0R�3\UDQRSWHULQ�7HLO�GHV�0RFR�



��

'DV� �¶�&'3� OLHJW� LQ� 0R PLQXV� DQ� GHU� 3RVLWLRQ� XQG� ]HLJW� GLH� JOHLFKHQ� ,QWHUDNWLRQHQ�� GLH� GLHVHU

0ROHN�OWHLO�DXFK�DOV�7HLO�GHV�0&'�LQ�0R SOXV�&2�'HK\GURJHQDVH�]HLJW��$EE������'LHVHV�(UJHEQLV

EHVWlWLJW�GLH�]XYRU�GXUFKJHI�KUWHQ�ELRFKHPLVFKHQ�0HVVXQJHQ� �+lQ]HOPDQQ�XQG�0H\HU������ ��LQ

GHQHQ� �¶�&'3� DXFK� DOV� GLH� ZHVHQWOLFKH� 1XNOHRWLG�.RPSRQHQWH� GHU� /�8QWHUHLQKHLW� LQ�0R PLQXV

&2�'HK\GURJHQDVH� LGHQWLIL]LHUW�ZXUGH��'DV� )HKOHQ� YRQ�(OHNWURQHQGLFKWH� DQ� GHU� 3RVLWLRQ� GHV

0R�,RQV� XQG� GHV� 3\UDQRSWHULQV� GHXWHQ� GDV� )HKOHQ� GHU� EHLGHQ� .RPSRQHQWHQ� DQ�� 7URW]� GHU

$EZHVHQKHLW� GHV� 3\UDQRSWHULQULQJHV� ]HLJW� GLH� 8PJHEXQJ� XP� GHQ� IHKOHQGHQ� .RIDNWRU� GLH

JOHLFKHQ�VWUXNWXUHOOHQ�(OHPHQWH�ZLH�0R SOXV�&2�'HK\GURJHQDVH��'LH�0R PLQXV�6WUXNWXU�EHVWlWLJW�GLH

7KHVH��GD��HLQ�hEHUVFKX��YRQ�:ROIUDPDWHQ��EHU�0RO\EGDWHQ�GLH�%LRV\QWKHVH�GHV�0RFR�DXI�GHU

(EHQH� GHV� 037� WHUPLQLHUW� XQG� 037� QLFKW� LQ� GDV� (Q]\P� HLQJHEDXW� ZLUG� �+lQ]HOPDQQ� XQG

0H\HU� ������� �¶�&'3�ZLUG� RIIHQVLFKWOLFK�ZlKUHQG� GHU� )DOWXQJ� GHV� 3URWHLQV� HLQJHEDXW�� XP� GLH

0RFR�%LQGXQJVUHJLRQ� ]X� VWDELOLVLHUHQ�� 'HU� 3\UDQRSWHULQ�$QWHLO� LVW� QLFKW� ZHVHQWOLFK� LQ� GLH

6WDELOLVLHUXQJ�GHV�0RO\EGRSURWHLQV� LQYROYLHUW��GD�HV� VHLQH�NRUUHNWH�6WUXNWXU�XQG�.RQIRUPDWLRQ

DXFK�LQ�VHLQHU�$EZHVHQKHLW�HUUHLFKW�

$EELOGXQJ ��� hEHUODJHUXQJ GHU DNWLYHQ =HQWUHQ YRQ 0RSOXV �JU�Q� XQG 0RPLQXV �URW� +� SVHXGRIODYD &2�
'HK\GURJHQDVH�

$OOH�$PLQRVlXUHQ��GLH�PLW�GHP�0RFR�LQ�0R SOXV� LQWHUDJLHUHQ�VLQG� LQ�0R PLQXV�&2�'HK\GURJHQDVH

HEHQIDOOV� JHRUGQHW�� .RQIRUPDWLRQVlQGHUXQJHQ� VLQG� ]X� EHREDFKWHQ� I�U� GLH� &DUER[\ODW�*UXSSH

YRQ�*OX������GLH�PLW�GHP�0R�,RQ�LQWHUDJLHUW�XQG�I�U�GHQ�&X�/LJDQGHQ�&\V������$EE������'LHV

EHGHXWHW�� GD�� GLH� .RQIRUPDWLRQHQ� YRQ� *OX� ���� XQG� &\V� ���� WHLOZHLVH� GXUFK� LKUH



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

:HFKVHOZLUNXQJ� PLW� 0R�� E]Z�� GHP� 3\UDQRSWHULQULQJ� EHVWLPPW� VLQG�� ZlKUHQG� GLH� KRFK

NRQVHUYLHUWHQ�5HVWH�$UJ�����XQG�*OQ�����XQYHUlQGHUW�EOHLEHQ�

'LH� LQ�0RSOXV�PRGLIL]LHUWH�$PLQRVlXUH�$UJ����� WUlJW�DXFK� LQ�0R PLQXV� HLQH�+\GUR[\O�*UXSSH�DQ

GHU� &γ�3RVLWLRQ�� ZDV� I�U� HLQH� SRVWWUDQVODWLRQDOH�0RGLILNDWLRQ� VSULFKW�� GLH� XQDEKlQJLJ� YRQ� GHU

$NWLYLWlW�GHV�(Q]\PV�LVW�

$EELOGXQJ ��� 2EHUIOlFKHQGDUVWHOOXQJ GHV +RKOUDXPV XP GHQ 0&'�.RIDNWRU� /LQNV 0RSOXV� UHFKWV 0RPLQXV�
'DV DNWLYH =HQWUXP YRQ 0RSOXV &2�'HK\GURJHQDVH DOV 6WlEFKHQ�0RGHOO PLW 0&'²0R�&X�&\V ���� 'HU
�EHUZLHJHQGH $QWHLO GHV (Q]\PV LVW LQ GHU LQDNWLYHQ GHVXOIR�)RUP� GDKHU ZXUGHQ GUHL 2[R�/LJDQGHQ DP 0R
JHIXQGHQ� 'LH YDQ�GHU�:DDOV�2EHUIOlFKH GHV 3URWHLQV ZXUGH EHUHFKQHW XQWHU $XVODVVXQJ GHU :DVVHU�0ROHN�OH� GHV
0&'V XQG &\V ���� 5HFKWV GDV DNWLYH =HQWUXP YRQ 0RPLQXV &2�'HK\GURJHQDVH PLW �¶�&'3 XQG &\V ���� 'LH
$EELOGXQJ ZXUGH PLW ,16,*+7,, EHUHFKQHW XQG HUVWHOOW�

.ULVWDOORJUDSKLVFKH�6WXGLHQ�]XP�5HDNWLRQVPHFKDQLVPXV

'DV�DNWLYH�=HQWUXP�LQ�GHU�R[LGLHUWHQ�DV�LVRODWHG�)RUP

'LH� %HVWLPPXQJ� GHU� H[DNWHQ� *HRPHWULH� GHV� DNWLYHQ�� R[LGLHUWHQ� (Q]\PV� LVW� YRQ� EHVRQGHUHU

%HGHXWXQJ��GD�VLH�VRZRKO�GHQ�6WDUW��ZLH�DXFK�GHQ�(QGSXQNW�GHV�NDWDO\WLVFKHQ�=\NOXV�GDUVWHOOW�

$OOH�9HUlQGHUXQJHQ��GLH�DQGHUH�NDWDO\WLVFKH�RGHU�LQDNWLYH�6SH]LHV�]HLJHQ��ZHUGHQ�DQ�GHU�DNWLYHQ

)RUP�JHPHVVHQ�



��

(LQ� XQYHUPHLGEDUHU�(IIHNW� LQ� GHU�5|QWJHQNULVWDOORJUDSKLH� LVW� GLH�*HQHULHUXQJ� YRQ�(OHNWURQHQ

GXUFK� GLH� $EVRUSWLRQ� GHU� 5|QWJHQVWUDKOXQJ� GXUFK� GDV� NULVWDOOLQH� 0DWHULDO�� 'LHV� I�KUW

W\SLVFKHUZHLVH� ]XU� 5HGXNWLRQ�� WHLOZHLVH� DXFK� ]XU� 2[LGDWLRQ�� YRQ� UHGR[�VHQVLWLYHQ� *UXSSHQ�

2EZRKO�GLHVHU�3UR]HVV�WHPSHUDWXUDEKlQJLJ�LVW��WULWW�HU�DXFK�EHL�²����&�QRFK�PH�EDU�DXI� �1DYH

������

8P� GLH� $XVZLUNXQJ� GLHVHU� ]HLW�� XQG� GRVLVDEKlQJLJHQ� 3KRWRUHGXNWLRQ� DEVFKlW]HQ� ]X� N|QQHQ

ZXUGHQ� ]ZHL� R[LGLHUWH� .ULVWDOOH� DP� 6\QFKURWURQ� YHUPHVVHQ�� 9RP� HUVWHQ� JHIURUHQHQ� .ULVWDOO

ZXUGHQ� LP�/DXIH�YRQ���K�HLQ�KRFKDXIJHO|VWHU�XQG�HLQ�QLHGULJDXIJHO|VWHU�'DWHQVDW]�JHVDPPHOW�

GLH�DQVFKOLH�HQG�]X�HLQHP�'DWHQVDW]�ELV������c�$XIO|VXQJ�]XVDPPHQJHID�W�ZXUGHQ��(LQ�]ZHLWHU

JHIURUHQHU� .ULVWDOO� ZXUGH� LQ� ZHQLJHU� DOV� �� K� YHUPHVVHQ�� ZREHL� HLQ� 'DWHQVDW]� ELV� ����� c

$XIO|VXQJ�DXIJHQRPPHQ�ZXUGH�

$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV >&X0R@�=HQWUXPV LQ GHU R[LGLHUWHQ )RUP� �)R�)F )RXULHUV\QWKHVH
NRQWXULHUW EHL ���σ �/LQLHQ�� E]Z� ���σ �2EHUIOlFKH��

'DV� DNWLYH� =HQWUXP� GHU� R[LGLHUWHQ� &2�'HK\GURJHQDVH� WUlJW� ZLH� DOOH� DNWLYHQ� )RUPHQ� GHQ

>&X0R@�&OXVWHU� �$EE������ 0R� LVW� I�QIDFK� NRRUGLQLHUW� XQG� WHWUDHGULVFK� YRQ� VHLQHQ� /LJDQGHQ

XPJHEHQ�� 'LH� 'LVWDQ]HQ� ]X� GHQ� 'LWKLROHQ�6FKZHIHOQ� �0R�6�¶� XQG� 0R�6�¶� �� VLQG� QDKH]X

LGHQWLVFK�XQG� I�U�0R�6�(LQIDFKELQGXQJHQ� YHUJOHLFKVZHLVH� ODQJ� �$EE������'LH�:HFKVHOZLUNXQJ

]ZLVFKHQ�0R�XQG�2ε��GHV�*OX�����LVW�PLW������c��YHUJOLFKHQ�PLW�GHQ�UHGX]LHUWHQ�XQG�,QKLELWRU�

JHEXQGHQHQ�)RUPHQ��NXU]��'LH�'LVWDQ]�]ZLVFKHQ�&X�XQG�0R�LVW�HEHQIDOOV�DP�N�U]HVWHQ� LQ�GHU

R[LGLHUWHQ�)RUP�



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� 'DUVWHOOXQJ GHV R[LGLHUWHQ DNWLYHQ =HQWUXPV� 'LVWDQ]HQ VLQG LQ c DQJHJHEHQ� =XVlW]OLFK ZXUGHQ
IROJHQGH 'LVWDQ]HQ JHPHVVHQ� &X�,��+\GUR[R� ���� c� 6�¶�6�¶� ���� c� 0R�6γ �&\V����� ���� c� +\GUR[R�µ6� ���� c�
&�¶�&�¶� ���� c� *HPHVVHQH :LQNHO� 2[R�0R�+\GUR[R� ������� +\GUR[R�0R�µ6� ������ 2[R�0R�6�� ������� 2[R�
0R�6�� ������� 6��0R�6�� ������ �µ6�&X�,��6γ �&\V����� �������

'DV�DNWLYH�=HQWUXP�LQ�GHU�Q%,&�JHEXQGHQHQ�)RUP

'HU�(UVDW]� GHV� 6DXHUVWRIIDWRPV� YRQ�&2� GXUFK� GLH�*UXSSH�15� LVW� GDV� &KDUDNWHULVWLNXP� YRQ

,VRQLWULOHQ��&15���'LH�FKHPLVFKH�5HDNWLYLWlW�GLHVHU�6WRIINODVVH�]HLJW�GHXWOLFKH�3DUDOOHOHQ�]X�&2�

'LHV� JLOW� LQVEHVRQGHUH� I�U� GLH� =XVDPPHQVHW]XQJ� XQG� 6WUXNWXU� YRQ� 0HWDOOLVRQLWULOHQ� XQG

0HWDOOFDUERQ\OHQ�

Q�%XW\OLVRQLWULO��Q%,&��LVW�HLQ�VWDUNHU�NRPSHWLWLYHU�,QKLELWRU�GHU�&2�'HK\GURJHQDVH��/�*UHPHU�

XQYHU|IIHQWOLFKWH�(UJHEQLVVH��XQG�NDQQ�DOV�HLQ�$QDORJRQ�]X�&2�DXIJHIDVVW�ZHUGHQ�

&2�'HK\GURJHQDVH�.ULVWDOOH� ZXUGHQ� EHL� ����&� I�U� NQDSS� �� K� PLW� ��� P0� Q%,&� LQNXELHUW�

/lQJHUH� ,QNXEDWLRQV]HLWHQ�ZDUHQ�QLFKW�P|JOLFK�� GD� GLH�.ULVWDOOH� QDFK� �� K�5LVVH� EHNDPHQ� XQG

]HUILHOHQ��'LH�(QWIHUQXQJ�GHU�Q%,&�KDOWLJHQ�/|VXQJ��VRZLH�GLH�DQVFKOLH�HQGH�8PK�OOXQJ�PLW�gO

VWRSSWH�GLHVHQ�3UR]HVV�XQG�GLH�.ULVWDOOH�OLH�HQ�VLFK�QDFK�GHP�JOHLFKHQ�3URWRNROO�WUDQVIRUPLHUHQ�

GDV�DXFK�I�U�GLH�QDWLYHQ�.ULVWDOOH�YHUZHQGHW�ZXUGH�

'LH�VFKRFNJHIURUHQHQ�.ULVWDOOH�ZXUGHQ�DP�6\QFKURWURQ�YHUPHVVHQ��ZREHL�NRPSOHWWH�'DWHQVlW]H

ELV������c�$XIO|VXQJ�JHVDPPHOW�ZHUGHQ�NRQQWHQ��'LH�YHUIHLQHUWH�6WUXNWXU�]HLJW��GD��Q%,&� LP

DNWLYHQ�=HQWUXP� DP� >&X0R@�&OXVWHU� ELQGHW��'DEHL�ZHUGHQ� %LQGXQJHQ� YRQ� Q%,&�PLW� GHP� µ�

6XOILGR�/LJDQGHQ�GHV�0R��GHP�+\GUR[R�/LJDQGHQ�VRZLH�GHP�&X�,RQ�DXVJHELOGHW��$EE�����



��

$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV >&X0R@�=HQWUXPV QDFK GHU %LQGXQJ YRQ Q%,&� �)R�)F )RXULHUV\QWKHVH
NRQWXULHUW EHL ���σ �/LQLHQ�� E]Z� ���σ�2EHUIOlFKH��

'HU�UHVXOWLHUHQGH�SODQDUH��YLHUDWRPLJH�0HWDOOR]\NOXV�]HLJW�NXU]H�'LVWDQ]HQ�]ZLVFKHQ�QLFKW�GLUHNW

JHEXQGHQHQ�5LQJDWRPHQ��$EE������'LH�%LQGXQJ�GHV�,QKLELWRUV�I�KUW�]X�JU|VVHUHQ�VWUXNWXUHOOHQ

bQGHUXQJHQ� GHV� >&X0R@�&OXVWHUV� XQG� I�KUW� ]XP� RSHQ� VWDWH� GHV� DNWLYHQ� =HQWUXPV�� LQ� GHP� GHU

$EVWDQG�]ZLVFKHQ�0R�XQG�&X�XP�PHKU�DOV���c�]XJHQRPPHQ�KDW��'LH�gIIQXQJ�GHV�=HQWUXPV

O|VW�]XGHP�ZHLWHUH�9HUlQGHUXQJHQ�GHV�&\V�����WUDJHQGHQ�/RRSV�LP�DNWLYHQ�=HQWUXP�DXV��'LHVH

bQGHUXQJHQ� ZHUGHQ� �EHU� GLH� +�%U�FNHQ� :HFKVHOZLUNXQJ� ]ZLVFKHQ� *OX� ���� XQG� GHP� /RRS

ZHLWHUJHJHEHQ�XQG�UHVXOWLHUHQ�LQ�HLQHU�=XQDKPH�GHU�'LVWDQ]�]ZLVFKHQ�2 ε��YRQ�*OX�����XQG�0R

�$EE������(LQH�9HUN�U]XQJ� GHU�%LQGXQJ� GHV�2[R�/LJDQGHQ� DP�0R� YRQ� �����c� LP� R[LGLHUWHQ

=XVWDQG� DXI� ����� c� LQ� GHU� Q%,&�JHEXQGHQHQ� )RUP�� GHXWHW� DXI� HLQH� (UK|KXQJ� VHLQHU

%LQGXQJVRUGQXQJ�PLW�GHU�$XVELOGXQJ�HLQHU�IRUPDOHQ�'UHLIDFKELQGXQJ�]ZLVFKHQ�GHP�/LJDQGHQ

XQG�0R�KLQ��$EE�����



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

$EELOGXQJ ��� 'DUVWHOOXQJ GHV DNWLYHQ =HQWUXPV� QDFK %LQGXQJ YRQ Q%,&� 'LVWDQ]HQ VLQG LQ c DQJHJHEHQ�
=XVlW]OLFK ZXUGHQ IROJHQGH 'LVWDQ]HQ JHPHVVHQ� 6�¶�6�¶� ���� c� 0R�6γ �&\V����� ���� c� &�Q%,&��1�Q%,&�� ���� c
+\GUR[R�µ6� ���� c� &�¶�&�¶� ���� c� *HPHVVHQH :LQNHO� 2��0R�2�� ������� +\GUR[R�0R�µ6� ������ 2[R�0R�
+\GUR[R� ������� 2[R�0R�6��������� 2[R�0R�6�� ������� 6��0R�6�� ������

'LH� %LQGXQJ� YRQ� Q%,&� EHZLUNW� DP� &X� HLQH� /LJDQGHQ�6XEVWLWXWLRQ�� GXUFK� GLH� GLH� %LQGXQJ

]ZLVFKHQ�&X�XQG�GHP�]XYRU�0R�XQG�&X�YHUEU�FNHQGHQ� µ�6XOILGR�/LJDQGHQ�JHO|VW� XQG�GXUFK

HLQH�%LQGXQJ�PLW�GHP�6WLFNVWRIIDWRP�GHV�Q%,&�HUVHW]W�ZLUG��'LH�3RVLWLRQ�GHV�Q%,&V�HQWVSULFKW

HLQHU� ,QVHUWLRQ� GHU�&1 ²�(LQKHLW� LQ� GLH�&X�µ�6XOILGR�%LQGXQJ��'LH� EHLGHQ�&X�/LJDQGHQ�ZHLVHQ

DXFK�QDFK�GHU�/LJDQGHQ�6XEVWLWXWLRQ�ZLHGHU�HLQH�YHU]HUUW�OLQHDUH�*HRPHWULH�DXI�

&2�EHJDVWH��+
�
�EHJDVWH�XQG�'LWKLRQLW�UHGX]LHUWH�&2�'HK\GURJHQDVH

&2�'HK\GURJHQDVH�EHVLW]W�PLW�GHP�)$'��GHQ�>�)H��6@�=HQWUHQ�XQG�GHP�>&X0R@�&OXVWHU�GUHL

SURVWKHWLVFKH� *UXSSHQ�� GLH� XQWHU� SK\VLRORJLVFKHQ� %HGLQJXQJHQ� bQGHUXQJHQ� LQ� LKUHP

5HGR[]XVWDQG� GXUFKPDFKHQ�� ,P� DNWLYHQ� =HQWUXP� JLOW� GLHV� LQVEHVRQGHUH� I�U� 0R�� ZHOFKHV

ZlKUHQG�HLQHV�NDWDO\WLVFKHQ�=\NOXV�YRQ�0R��9,��DXI�0R��,9��XQG�]XU�FN�ZHFKVHOW�

&2�'HK\GURJHQDVH� NDQQ� GXUFK� LKU� SK\VLRORJLVFKHV� 6XEVWUDW� &2�� GDV� QLFKW�SK\VLRORJLVFKH

6XEVWUDW�+��XQG�GXUFK�NODVVLVFKH�5HGXNWLRQVPLWWHO�ZLH�1DWULXPGLWKLRQLW� UHGX]LHUW�ZHUGHQ��$OOH

GUHL� 9DULDQWHQ� GHU� 5HGXNWLRQ� ZXUGHQ� PLW� &2�'HK\GURJHQDVH�.ULVWDOOHQ� XQWHU� DQR[LVFKHQ

%HGLQJXQJHQ�GXUFKJHI�KUW��9RQ�+ ��UHGX]LHUWHQ�.ULVWDOOH�ZXUGHQ�ELVODQJ�QXU�'DWHQVlW]H�ELV����

c� EHL� ����� &� DQ� HLQHP� *HQHUDWRU� PLW� URWLHUHQGHU� $QRGH� JHPHVVHQ�� &2�� XQG� 'LWKLRQLW�

UHGX]LHUWH�.ULVWDOOH�ZXUGHQ� VFKRFNJHIURUHQ� XQG�'DWHQVlW]H� ]X� QDKH�DWRPDUHU�$XIO|VXQJ� �&2�

�����c��'LWKLRQLW� ������c�$XIO|VXQJ�� DP�6\QFKURWURQ� JHVDPPHOW��'LH�5HGXNWLRQ� GHU�.ULVWDOOH



��

XQWHU�:LUNXQJ�GHU�*DVH��+ ��1��XQG�&2�1���NRQQWH�RSWLVFK�GXUFK�GLH�(QWIlUEXQJ�GHU�.ULVWDOOH

DXI� GHP� )UHH�0RXQWLQJ� .ULVWDOOKDOWHU� YHUIROJW� ZHUGHQ�� GLH� 5HGXNWLRQ� PLW� 'LWKLRQLW� ZXUGH� LQ

/|VXQJ� GXUFKJHI�KUW�� ZREHL� HEHQIDOOV� GLH� (QWIlUEXQJ� GHU� .ULVWDOOH� RSWLVFK� YHUIROJW� ZHUGHQ

NRQQWH�

$OOH�YHUIHLQHUWHQ�6WUXNWXUHQ�]HLJHQ�QDFK�HUIROJWHU�5HGXNWLRQ�VHKU�lKQOLFKH�*HRPHWULHQ�LQ�LKUHQ

DNWLYHQ�=HQWUHQ� �$EE������2EZRKO�ZLU�VWUXNWXUHOOH�bQGHUXQJHQ�DQ�DOOHQ�.RIDNWRUHQ� IHVWVWHOOHQ

N|QQHQ�� NRQQWHQ� NHLQH� bQGHUXQJHQ� GHV� RUJDQLVFKHQ� $QWHLOV� GHV� 0RO\EGRSWHULQ� JHIXQGHQ

ZHUGHQ��ZLH�VLH�I�U�GDV�0RS�3URWHLQ�EHREDFKWHW�ZXUGHQ� �+XEHU��+RI�HW�DO������� �

'LH�5HGXNWLRQ�UHVXOWLHUW� LQ�HLQHU�9HUOlQJHUXQJ�GHU�'LVWDQ]�]ZLVFKHQ�&X�XQG�0R�YRQ������DXI

����� c�� HLQH� 9HUOlQJHUXQJ� GHU� %LQGXQJ� GHU� +\GUR[\OJUXSSH� DP� 0R� DXI� ����� c� XQG� HLQHU

9HUN�U]XQJ�GHU�'LVWDQ]�]ZLVFKHQ�0R�XQG�GHU�'LWKLROHQJUXSSH��'LH�%LQGXQJVOlQJHQ�]ZLVFKHQ

0R� XQG� GHQ� 'LWKLROHQ�6FKZHIHOQ� OLHJHQ� ]ZLVFKHQ� GHU� R[LGLHUWHQ� XQG� GHU� Q%,&� JHEXQGHQHQ

)RUP� �$EE������ 'HU� UHGX]LHUWH� >&X0R@�&OXVWHU� LVW� HWZDV� ZHLWHU� JH|IIQHW� DOV� LQ� GHU� R[LGLHUWHQ

)RUP�XQG�]HLJW�HLQH�JU|VVHUH�'LVWDQ]�]ZLVFKHQ�0R�XQG�GHU�&DUER[\O�*UXSSH�YRQ�*OX������'LH

*HJHQZDUW�YRQ�JHEXQGHQHP�6XEVWUDW��3URGXNW�RGHU�5HGXNWDQV�LP�DNWLYHQ�=HQWUXP�NRQQWH�QLFKW

EHREDFKWHW�ZHUGHQ�

$EELOGXQJ ��� 'DV DNWLYH =HQWUXP QDFK 5HGXNWLRQ PLW &2� +� RGHU 'LWKLRQLW��'LH 5HGXNWLRQ UHVXOWLHUW LQ
HLQHU 9HUOlQJHUXQJ GHU 'LVWDQ] ]ZLVFKHQ &X XQG 0R YRQ ���� DXI ���� c� HLQH 9HUOlQJHUXQJ GHU %LQGXQJ GHU
+\GUR[\OJUXSSH DP 0R DXI ���� c XQG HLQHU 9HUN�U]XQJ GHU 'LVWDQ] ]ZLVFKHQ 0R XQG GHU 'LWKLROHQJUXSSH�
'LVWDQ]HQ VLQG LQ c DQJHJHEHQ� =XVlW]OLFK ZXUGHQ IROJHQGH 'LVWDQ]HQ JHPHVVHQ� &X�,��+\GUR[R� ���� c� 6�¶�6�¶�
���� c� 0R�6γ �&\V����� ���� c� +\GUR[R�µ6� ���� c� &�¶�&�¶� ���� c� *HPHVVHQH :LQNHO� 2[R�0R�+\GUR[R�
������� +\GUR[R�0R�µ6� ������ 2[R�0R�6�� ������� 2[R�0R�6�� ������� 6��0R�6�� ������ �µ6�&X�,��6γ �&\V�����
�������



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

,QDNWLYH�)RUPHQ�GHU�&2�'HK\GURJHQDVH

&1��,QDNWLYLHUXQJ

,QNXELHUW�PDQ�&2�'HK\GURJHQDVH��ZLH�DXFK�;DQWKLQ�'HK\GURJHQDVH�RGHU�;DQWKLQ�2[LGDVH��PLW

&1��VR�ZLUG�GDV�(Q]\P�LQDNWLYLHUW�XQWHU�)UHLVHW]XQJ�YRQ�6FKZHIHO�LQ�)RUP�YRQ�7KLRF\DQDW�QDFK

GHU�*OHLFKXQJ��0R 6��&1 ����+�2�Æ�0R 2���6&1�����H������+���'LH�9HUlQGHUXQJ�GHU�0R�

/LJDQGHQ� LVW�DXFK�(65�VSHNWURVNRSLVFK� LQ�HLQHP�YHUlQGHUWHQ�0R��9��6LJQDO�QDFKZHLVEDU��'LH

EHLGHQ� HQWVWHKHQGHQ� 6SHNWUHQ� ZHUGHQ� DOV� ÅVXOIR�Å� E]Z�� ÅGHVXOIR�Å� 6SH]LHV� EH]HLFKQHW

�*XWWHULGJH��7DQQHU�HW�DO������� ��/RULJDQ��%ULWW�HW�DO������� ��'LHVH�,QDNWLYLHUXQJ�PLW�&1 ��JLOW�DOV

JHQHUHOOHV�0HUNPDO�GHU�0RO\EGlQ�+\GUR[\ODVHQ�

1DFK� ��� VW�QGLJHU� ,QNXEDWLRQV]HLW� PLW� �� P0� &1 �� HQVWDQGHQ� ����� PRO� 7KLRF\DQDW� �*UHPHU

������� 'LHVH� $EVSDOWXQJ� JLQJ� PLW� HLQHU� 9HUlQGHUXQJ� GHU� (65�6SHNWUHQ� GHU� 0R��9��6SH]LHV

HLQKHU��RKQH�GD��9HUlQGHUXQJHQ�LQ�GHQ�6SHNWUHQ�GHU�>�)H��6@�=HQWUHQ�HUNHQQEDU�ZDUHQ�XQG�HV

LVW� GDYRQ� DXV]XJHKHQ�� GD�� GHU� 6FKZHIHO� GHV�7KLRF\DQDWV� QXU� DXV� GHP� µ�6XOILGR�/LJDQGHQ� GHV

>&X0R@�=HQWUXPV�VWDPPW�

.ULVWDOOH�� GLH� I�U� PHKU� DOV� ��� K� PLW� ��� P0� .&1� LQNXELHUW� ZXUGHQ�� NRQQWHQ� QDFK� HUIROJWHU

7UDQVIRUPDWLRQ� DP�6\QFKWURWURQ�YHUPHVVHQ�ZHUGHQ��ZREHL�'DWHQ�ELV� ]X� HLQHU�$XIO|VXQJ� YRQ

�����c�JHVDPPHOW�ZXUGHQ�

$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV DNWLYHQ =HQWUXPV QDFK ,QDNWLYLHUXQJ PLW &1�� �)R�)F )RXULHUV\QWKHVH
NRQWXULHUW EHL ���σ �/LQLHQ�� E]Z� ���σ�2EHUIOlFKH�� 'LH ,QDNWLYLHUXQJ GHV (Q]\PV EHVWHKW LQ GHU $EVSDOWXQJ GHV µ�
6XOILGR�/LJDQGHQ XQG GHV &X�,��,RQV� 'LH .RRUGLQDWLRQVVWHOOH GHV 6XOILGR�/LJDQGHQ DP 0R ZLUG LP LQDNWLYLHUWHQ
(Q]\P GXUFK HLQH 2[R�*UXSSH EHVHW]W� 1DFK GHU &1��,QDNWLYLHUXQJ ZLUG 0R GXUFK GUHL 2[R�/LJDQGHQ NRRUGLQLHUW�

'LH� ,QDNWLYLHUXQJ�GHV�(Q]\PV�EHUXKW� DXI�GHU�=HUVW|UXQJ�GHV� >&X0R@�&OXVWHUV� �$EE������&X�,�

XQG� GHU� µ�6XOILGR�/LJDQG� ZHUGHQ� DEJHVSDOWHQ�� ZDKUVFKHLQOLFK� XQWHU� %LOGXQJ� YRQ� 6&1 �� XQG



��

>&X�&1��@
��� $Q� GHU� HKHPDOLJHQ� 3RVLWLRQ� GHV� µ�6XOILGR�/LJDQGHQ� DP� 0R� VLW]W� HLQ� ]XVlW]OLFKHU

2[R�/LJDQG�

'LH� UHVXOWLHUHQGHQ� ,QWHUDNWLRQHQ� ]ZLVFKHQ� QLFKW�GLUHNW� JHEXQGHQHQ� /LJDQGHQ� EHVWLPPHQ

ZHVHQWOLFK� GLH� .RPSOH[JHRPHWULH�� 'HU� 2��� XQG� 2��/LJDQG� �$EE����� KDEHQ� JOHLFKH

%LQGXQJVOlQJHQ� ]XP�0R��PLW�:HUWHQ� ]ZLVFKHQ� GHQ� W\SLVFKHQ� %LQGXQJVOlQJHQ� YRQ�2[R�� XQG

+\GUR[R�/LJDQGHQ�� 'LHVH� 9HUOlQJHUXQJ� GHU� %LQGXQJHQ� HUODXEW� GHQ� EHLGHQ� 2[R�*UXSSHQ�� LQ

HLQHU�'LVWDQ]�YRQ������c�YRQHLQDQGHU�]X�YHUEOHLEHQ��$EE������'LH�%HZHJXQJ�GHV�6 γ�$WRPV�YRQ

&\V�����XP�PHKU�DOV�����c�ZHJ�YRP�0R�]HLJW�GLH�JHVSDQQWH�.RQIRUPDWLRQ�GHV�&\V�5HVWHV�LQ�GHU

DNWLYHQ�)RUP��'LH�/DJH�GHV�&\V�����WUDJHQGHQ�/RRSV�LP�DNWLYHQ�=HQWUXP�LVW�OHLFKW�YHUVFKREHQ�

XQWHU�9HUJU|�HUXQJ�GHU�'LVWDQ]�]X�0R�XQG�VHLQH�/DJH�LVW�GHP� RSHQ�VWDWH�GHV�>&X0R@�&OXVWHUV�DP

lKQOLFKVWHQ�

'LH�.RRUGLQDWLRQVJHRPHWULH�XP�GDV�0R�,RQ�LVW�ZLHGHUUXP�WHWUDHGULVFK�PLW������]ZLVFKHQ�2��

2��XQG�2��2���ZlKUHQG�GHU�:LQNHO�]ZLVFKHQ�2��2��QXU�����EHWUlJW��'LHVH�9HUNOHLQHUXQJ�GHV

LGHDOHQ� 7HWUDHGHUZLQNHOV� EHUXKW� ZDKUVFKHLQOLFK� DXI� GHU� 1lKH� GHV� YROXPLQ|VHQ� 'LWKLROHQ�

/LJDQGHQ��WUDQV�]X�2��XQG�2��

$EELOGXQJ ��� 'DV DNWLYH =HQWUXP GHU &1� LQDNWLYLHUWHQ &2�'HK\GURJHQDVH� *HPHVVHQH 'LVWDQ]HQ VLQG LQ
c DQJHJHEHQ� =XVlW]OLFK ZXUGHQ IROJHQGH 'LVWDQ]HQ JHPHVVHQ� 6�¶�6�¶� ���� c� 0R�6γ �&\V����� ���� c� &�¶�&�¶�
���� c� *HPHVVHQH :LQNHO� 2��0R�2�� ������� 2��0R�2�� ������� 2��0R�2�� ���� 2��0R�6��������� 2��0R�6��
������� 6��0R�6�� ������



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

'LH�*HVDPWJHRPHWULH�GHV�&1 ��LQDNWLYLHUWHQ� WULR[R�0R�.RPSOH[HV� LVW�QDKH�GHU�GHV�HLQIDFKVWHQ

2[RPRO\EGlQ�.RPSOH[HV��GHP�UHJXOlU�WHWUDHGULVFKHQ�7HWUDR[RPRO\EGDWH�9,��'LDQLRQ��0R2 �
��

��

'LH�UHNRQVWLWXLHUWH�)RUP�GHU�&2�'HK\GURJHQDVH

'DV�)ODYRSURWHLQ�GHU�&2�'HK\GURJHQDVH��0�8QWHUHLQKHLW��YRQ� 2��FDUER[LGRYRUDQV�NDQQ�PLW�GHP

'HWHUJHQ]�1DWULXP�GRGHF\OVXOIDW� YRP� �/06� �� 'LPHU� HQWIHUQW� ZHUGHQ� �*UHPHU�� .HOOQHU� HW� DO�

������� 'LH� GDUDXV� UHVXOWLHUHQGHQ� 0�/6� ��� E]Z�� �/6��� VWUXNWXULHUWHQ� 6SH]LHV� NRQQWHQ� PLW

UHNRPELQDQW� LQ� (�� FROL� KHUJHVWHOOWHP� $SRIODYRSURWHLQ� ZLHGHU� UHNRQVWLWXLHUW� ZHUGHQ� �*UHPHU�

.HOOQHU� HW� DO�� ����� �� 'LH� $XVELOGXQJ� GHV� +HWHURWULPHUV� �/06� �� YHUlQGHUW� GLH� $IILQLWlW� GHV

$SRIODYRSURWHLQV� I�U� )$'� YRQ� QLFKW�ELQGHQG� I�U� UHNRPELQDQWHV� 0� DOOHLQH� ]X� HLQHP� )$'�

ELQGHQGHQ� )ODYRSURWHLQ� LP� UHNRQVWLWXLHUWHQ� (Q]\P�� 2EZRKO� RIIHQVLFKWOLFK� DOOH� QRWZHQGLJHQ

.RIDNWRUHQ� LP� UHNRQVWLWXLHUWHQ� �/06� �� 3URWHLQ� YRUODJHQ�� NRQQWH� NHLQHUOHL� &2� R[LGLHUHQGH

$NWLYLWlW�QDFKJHZLHVHQ�ZHUGHQ�

'LH�6WUXNWXU�GHU�)$'�KDOWLJHQ�UHNRQVWLWXLHUWHQ�&2�'HK\GURJHQDVH�ZXUGH�NULVWDOORJUDSKLVFK�EHL

����c�$XIO|VXQJ�XQWHUVXFKW�XQG�]HLJWH�GLH�JOHLFKH�)DOWXQJ�XQG�%LQGXQJ�GHV�)ODYRSURWHLQV�ZLH�LQ

:LOGW\S� &2�'HK\GURJHQDVH�� 8UVDFKH� GHU� ,QDNWLYLHUXQJ� GHV� (Q]\PV� LVW� ZDKUVFKHLQOLFK� GLH

8QRUGQXQJ�GHV�/RRSV�LP�DNWLYHQ�=HQWUXP��GHU�GDV�&X�OLJDQGLHUHQGH�&\V�����WUlJW��'LHVHU�ZLH

HLQH� 5HLKH� DQGHUHU� /RRSV� GHU� /�8QWHUHLQKHLW� LQ� GHU� UHNRQVWLWXLHUWHQ� &2�'HK\GURJHQDVH� VLQG

XQJHRUGQHW�XQG�]LHKHQ�VLFK�YRP�DNWLYHQ�=HQWUXP�ELV�]XU�2EHUIOlFKH�GHU�/�8QWHUHLQKHLW�QDKH

GHV�,QWHUIDFHV�]ZLVFKHQ�/��XQG�0�8QWHUHLQKHLW� �*UHPHU��.HOOQHU�HW�DO������� �

6WUXNWXUHOOH�&KDUDNWHULVLHUXQJ�GHV�ZHLWHUHQ�(OHNWURQHQWUDQVIHUZHJHV

*HRPHWULH�GHU�]ZHL�>�)H��6@�&OXVWHU�LP�R[LGLHUWHQ�XQG�UHGX]LHUWHQ�=XVWDQG

,P� *HJHQVDW]� ]X� >�)H��6@�=HQWUHQ� EHVLW]HQ� >�)H��6@�=HQWUHQ� ORNDOLVLHUWH� /DGXQJHQ�� G�K�� LP

R[LGLHUWHQ�=XVWDQG�OLHJW�HLQ�)H ���)H���3DDU�YRU��ZlKUHQG�LP�UHGX]LHUWHQ�=XVWDQG�HLQ�)H ���)H��

3DDU�YRUOLHJW� �'XJDG��/D�0DU�HW�DO��������$FKLP��*ROLQHOOL�HW�DO������� ��0RO\EGlQ�+\GUR[\ODVHQ

YHUI�JHQ��EHU�]ZHL� >�)H��6@�=HQWUHQ�SUR�0RQRPHU��GLH�DXIJUXQG� LKUHU�XQWHUVFKLHGOLFKHQ�(65�

&KDUDNWHULVWLND� LQ�7\S�,�XQG�7\S�,,�XQWHUVFKLHGHQ�ZHUGHQ��'LH�/RNDOLVLHUXQJ�E]Z��=XRUGQXQJ

GHU�=HQWUHQ�JHODQJ�PLW�+LOIH�GHU�6WUXNWXUDQDO\VH� �*UHPHU��.HOOQHU�HW�DO������� �GHU�QDWLYHQ�XQG

UHNRQVWLWXLHUWHQ� 6SH]LHV� GHU� &2�'HK\GURJHQDVH�� %HL� KRKHQ� $XIO|VXQJHQ� NRQQWHQ� GLH� ]XYRU

XQXQWHUVFKHLGEDUHQ�>�)H��6@�.HUQH�GHU�EHLGHQ�=HQWUHQ�YHUJOLFKHQ�ZHUGHQ��:lKUHQG�GDV�7\S�,

=HQWUXP� HLQHQ� GHXWOLFK� QLFKW�SODQDUHQ� &RUH� HQWKlOW� LVW� GHU� &RUH� GHV� 7\S�,,� =HQWUXPV� SODQDU

�$EE�����



��

$EELOGXQJ ��� 1LFKW�SODQDUHU XQG SODQDUHU >)H�6�@���&RUH GHU EHLGHQ (65�VSHNWURVNRSLVFKHQ $UWHQ YRQ
>�)H��6@�=HQWUHQ LQ &2�'HK\GURJHQDVH�

8P� GLH� 'HWHUPLQDQWHQ� ]X� EHVWLPPHQ�� GLH� I�U� GLH� VHOHNWLYH� 5HGXNWLRQ� GHV� HLQHQ� )H�,RQV

YHUDQWZRUWOLFK� VLQG�� ZXUGHQ� GLH� *HRPHWULHQ� GHU� UHGX]LHUWHQ� XQG� R[LGLHUWHQ� >�)H��6@�&OXVWHU

YHUPHVVHQ�� 7KHRUHWLVFKH� %HUHFKQXQJHQ� YRQ� R[LGLHUWHQ� XQG� UHGX]LHUWHQ� >�)H��6@�&OXVWHUQ

�1RRGOHPDQ��1RUPDQ�HW�DO������� �OHJHQ�JHRPHWULVFKH�bQGHUXQJHQ�DP�UHGX]LHUWHQ�)H�,RQ�QDKH�

ZREHL�HUZDUWHW�ZLUG��GD��DOOH�)H�6�%LQGXQJHQ�GHV�)H ���XP������c�OlQJHU�ZHUGHQ��HQWVSUHFKHQG

GHP�0RGHOO�GHU�ORNDOLVLHUWHQ�/DGXQJHQ�LQ�>�)H��6@�&OXVWHUQ�

S1

Fe2

S2

(Cys137)S

(Cys105)S
S(Cys102)

S(Cys139)

Fe1

S1

Fe2

S2

(Cys62)S

(Cys50)S
S(Cys47)

S(Cys42)

Fe1

S1

Fe2

S2

(Cys137)S

(Cys105)S
S(Cys102)

S(Cys139)

Fe1

S1

Fe2

S2

(Cys62)S

(Cys50)S
S(Cys47)

S(Cys42)

Fe1

2.2662.225

2.217
2.274

2.328

2.354

2.316

2.378

2.2662.232

2.220
2.273

2.302

2.338

2.295

2.362

Typ-I Typ-II

2.2712.210

2.214 2.256

2.322

2.346

2.319

2.349

2.734

2.746 2.737

2.722

2.2622.222

2.201
2.276

2.313

2.326

2.307

2.327

+1e- +1e-

$EELOGXQJ ��� 9HUJOHLFK GHU 'LVWDQ]HQ GHV R[LGLHUWHQ XQG UHGX]LHUWHQ 7\S�, XQG 7\S�,, >�)H��6@�&OXVWHU�
'LH DQJHJHEHQHQ :HUWH HQWVSUHFKHQ GHQ PLWWOHUHQ %LQGXQJVOlQJHQ DOV 'XUFKVFKQLWW GHU EHLGHQ XQDEKlQJLJHQ
0RQRPHUH LQ c� 'LH 6WUXNWXUHQ EHVLW]HQ DEJHVFKlW]WH PLWWOHUH )HKOHU I�U GLH )H�6 %LQGXQJHQ YRQ FD� ����������� c
�V� 'LVNXVVLRQ��

'LH� XQHUZDUWHW� JHULQJHQ�9HUlQGHUXQJHQ� ]HLJHQ� GDJHJHQ� VWDWW� GHU� HUZDUWHWHQ�9HUOlQJHUXQJ� GHU

)H�6�%LQGXQJVOlQJHQ� �1RRGOHPDQ��1RUPDQ�HW�DO������� �LP�0LWWHO�QXU�OHLFKWH�9HUN�U]XQJHQ��GLH



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

EHLGH�)H�$WRPH�EHWUHIIHQ��$EE������'LH�PLWWOHUHQ�9HUlQGHUXQJHQ�I�U�GLH�)H�6�%LQGXQJVOlQJHQ

GXUFK�GLH�5HGXNWLRQ�OLHJHQ�EHLP�7\S�,�=HQWUXP�I�U�)H ��EHL��������c��I�U�)H ��EHL�²������c�EHLP

7\S�,,� =HQWUXP� I�U� )H �� EHL� ������� c�� I�U� )H �� EHL� ²������ c�� %HLGH� =HQWUHQ� ]HLJHQ� GDJHJHQ

9HUOlQJHUXQJHQ� GHV� )H ��)H�� $EVWDQGHV� QDFK� GHU� 5HGXNWLRQ� �$EE������ $XIJUXQG� GHU� JHULQJHQ�

EHLGH� )H�$WRPH� EHWUHIIHQGHQ� JHRPHWULVFKHQ� bQGHUXQJHQ� Ol�W� VLFK� DXV� GHP

%LQGXQJVOlQJHQYHUJOHLFK�QLFKW�VFKOLH�HQ��ZHOFKHV�GHU�EHLGHQ�)H�$WRPH�UHGX]LHUW�YRUOLHJW�

6WDELOLVLHUXQJ�XQG�=XJlQJOLFKNHLW�GHV�,VRDOOR[D]LQULQJHV��VRZLH�NRQIRUPDWLRQHOOH�bQGHUXQJHQ�LQ

XQWHUVFKLHGOLFKHQ�2[LGDWLRQV]XVWlQGHQ

'DV� )ODYRSURWHLQ� LVW� GDV� OHW]WH�*OLHG� GHU� (OHNWURQHQWUDQVSRUWNHWWH� LQ� &2�'HK\GURJHQDVH�� GLH

YRP�>&X0R@�&OXVWHU��EHU�GLH�EHLGHQ�>�)H��6@�&OXVWHU� OlXIW��'DV�)$'�LVW�GDEHL�DOV�GHU�UHDNWLYH

7HLO�GHV�)ODYRSURWHLQV�GHU�ILQDOH�(OHNWURQHQDN]HSWRU�XQG�OLHJW�LP�R[LGLHUWHQ�(Q]\P�DOV�)$'�XQG

LP�UHGX]LHUWHQ�(Q]\P� �&2��+ ��ZLH�'LWKLRQLW� UHGX]LHUW���QDFK�$XIQDKPH�YRQ�]ZHL�(OHNWURQHQ

XQG� ]ZHL� 3URWRQHQ� DOV� )$'+ �� YRU� �$EE������ 'D� GHU� (OHNWURQHQWUDQVIHU� �EHU� GLH� (LVHQ�

6FKZHIHO�=HQWUHQ�VWDWWILQGHW��PXVV�GLH�5HGXNWLRQ�GHV�)$'�LQ�]ZHL�6FKULWWHQ�HUIROJHQ��GDEHL�OLHJW

GHU�,VRDOOR[D]LQULQJ�QDFK�(PSIDQJ�GHV�HUVWHQ�UHGX]LHUHQGHQ�(OHNWURQV�LQ�GHU�6HPLFKLQRQ���QDFK

$XIQDKPH�GHV�]ZHLWHQ�(OHNWURQV� LQ�GHU�+\GURFKLQRQ�)RUP�YRU��'LH�*HVFKZLQGLJNHLW��ZLH�GLH

%HUHLWVFKDIW� (OHNWURQHQ� DXI]XQHKPHQ� KlQJW� YRQ� GHU� 6WDELOLVLHUXQJ� GHV� ,VRDOOR[D]LQULQJHV� DE

>*KLVOD�� ����� ����@�� GHPHQWVSUHFKHQG� YDULLHUW� GDV� 5HGR[SRWHQWLDO� I�U� GLH� =ZHL�(OHNWURQHQ

5HGXNWLRQ�DXFK�GHXWOLFK�XP�GHQ�0LWWHOZHUW�YRQ�²����P9�PLW�0D[LPDOZHUWHQ�YRQ�²����P9�ELV

����P9�>*KLVOD�����������@�
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$EELOGXQJ ��� 2[LGLHUWHV XQG UHGX]LHUWHV )ODYLQ�

*HQHUHOO� EHZLUNW� GLH� 1lKH� HLQHU� SRVLWLYHQ� /DGXQJ� HLQH� (UK|KXQJ�� GLH� 1lKH� HLQHU� QHJDWLYHQ

/DGXQJ�HLQH�(UQLHGULJXQJ�GHV�5HGR[SRWHQWLDOV�GHV�,VRDOOR[D]LQULQJHV�>*KLVOD�����������@�

,Q� &2�'HK\GURJHQDVH� ZLUG� GHU� ,VRDOOR[D]LQULQJ� GXUFK� GDV� SRVLWLYH�� 1�WHUPLQDOH� (QGH� HLQHV

+HOL[GLSROV�VWDELOLVLHUW��GHU�DXI�GLH�1��&� 2��*UXSSH�]HLJW� �$EE������'LH�1lKH�GHU�SRVLWLYHQ

7HLOODGXQJ�QDKH�GLHVHU�*UXSSLHUXQJ�NDQQ�GLH� DQLRQLVFKH�)RUP�GHV�.RIDNWRUV� VWDELOLVLHUHQ�XQG

GDPLW� GDV� 5HGR[SRWHQWLDO� GHV� .RIDNWRUV� HUK|KHQ�� 'LH� SRVLWLYH� /DGXQJ� NDQQ� HEHQIDOOV� YRQ

%HGHXWXQJ� I�U� GLH� )DOWXQJ�� E]Z�� GHQ�(LQEDX� GHV� )$'�)01� LQ� GDV� (Q]\P� VHLQ�� ZLH� I�U� GLH



��

'LK\GURRURWDW�'HK\GURJHQDVH� >%M|UQEHUJ�� ����� ����@� XQG� 7ULPHWK\ODPLQ�'HK\GURJHQDVH

>0HZLHV�����������@�JH]HLJW�

$EELOGXQJ ��� 6WDELOLVLHUXQJ GHU DQLRQLVFKHQ )RUP GHV ,VRDOOR[D]LQULQJHV �1��&� 2� *UXSSLHUXQJ� GXUFK
GLH SRVLWLYH 7HLOODGXQJ GHV 1�7HUPLQXV HLQHU +HOL[�

'LH� DXI� GDV� )$'� �EHUWUDJHQHQ� (OHNWURQHQ� ZHUGHQ� YRQ� GHU� &2�'HK\GURJHQDVH� DXI� HLQ

PHPEUDQDVVR]LLHUWHV� E�7\S�&\WRFKURP�ZHLWHUJHJHEHQ� �0RHUVGRUI��)UXQ]NH�HW�DO������� ��'LH�$UW

GHV� (OHNWURQHQDN]HSWRUV� YDULLHUW� LQQHUKDOE� GHU� 0RO\EGlQ�+\GUR[\ODVH�)DPLOLH� XQG

NRQIRUPDWLRQHOOH�bQGHUXQJHQ� LQ�GHU�1lKH�GHV�)$'V�N|QQHQ�GLH�$IILQLWlW� I�U�XQWHUVFKLHGOLFKH

$N]HSWRUHQ�LQQHUKDOE�HLQHU�(Q]\PNODVVH�YHUlQGHUQ�

9HUlQGHUXQJHQ�GHV�5HGR[]XVWDQGHV�GHV�����'LPHWK\O�,VRDOOR[D]LQULQJHV�UHVXOWLHUHQ�]XP�HLQHQ�LQ

bQGHUXQJHQ� GHU� 3URWRQLHUXQJ� GHV� 5LQJHV� XQG� ]XP� DQGHUHQ� LQ� 9HUlQGHUXQJHQ� GHV

%LQGXQJV]XVWDQGHV��'LHV�JLOW� LQVEHVRQGHUH�I�U�GLH�Å(QGLDPLQ�6XEIXQNWLRQ´��G�K��I�U�GLH�$WRPH

1���&��D��&�D�XQG�1��GHV�)$'�

+�%U�FNHQ�DP�1��$WRP�NRPPW�GDEHL�HLQH�EHVRQGHUH�%HGHXWXQJ�]X��,Q�GHQ�PHLVWHQ�(Q]\PHQ

LVW�GLHVHV�$WRP�LQ�+�%U�FNHQ�'LVWDQ]�]X�HLQHP�P|JOLFKHQ�+�'RQRU�>)UDDLMH�����������@��ZREHL

GDV�+�'RQRU�$WRP�GHP�6XEVWUDW�JHJHQ�EHUOLHJW�XQG�GDEHL�ZDKUVFKHLQOLFK�GLH�6WHUHRFKHPLH�GHV

+\GULG�7UDQVIHUV�PLWEHVWLPPW��'LH�+�%U�FNH�ZLUG�LP�UHGX]LHUWHQ�=XVWDQG�DXIJHEURFKHQ��GD�1�

VHOEVW�+�'RQRU�&KDUDNWHU�EHNRPPW�

,Q�&2�'HK\GURJHQDVH� LVW�GDV�1��$WRP�GDJHJHQ� LP�R[LGLHUWHQ�=XVWDQG�NHLQHP�P|JOLFKHQ�+�

'RQRU�EHQDFKEDUW��(UVW� LP�UHGX]LHUWHQ�=XVWDQG��G�K��QDFK�3URWRQLHUXQJ�GHV�1��$WRPV��ELOGHW

VLFK�HLQH�+�%U�FNH��LQ�GHU�1��DOV�P|JOLFKHU�'RQRU�XQG�GHU�&DUERQ\O�6DXHUVWRII�YRQ�*O\�����DOV

P|JOLFKHU� $N]HSWRU� DXIWULWW� �$EE������ 'DUDXV� UHVXOWLHUHQGH� NRQIRUPDWLRQHOOH� bQGHUXQJHQ� GHV



([SHULPHQWHOOHU 7HLO XQG (UJHEQLVVH ��

*O\�&DUERQ\OV� DQ� HLQHP� JHVWUHFNWHQ� /RRS� GHU� &�WHUPLQDOHQ�'RPlQH�ZLUNHQ� VLFK� HEHQIDOOV� LQ

NRQIRUPDWLRQHOOHQ�bQGHUXQJHQ�GHV�VFK�W]HQGHQ��DURPDWLVFKHQ�5HVWHV�DXV�

$EELOGXQJ ��� 2[LGLHUWHU�5HGX]LHUWHU ,VRDOOR[D]LQULQJ LQ 2� FDUER[LGRYRUDQV �OLQNV� XQG +� SVHXGRIODYD
�UHFKWV� &2�'HK\GURJHQDVH 0�8QWHUHLQKHLW� ,Q EHLGHQ 6WUXNWXUHQ ZLUG GHU 2[LGDWLRQV]XVWDQG GHV )$'� E]Z�
GLH 3URWRQLHUXQJ GHV 1��$WRPV �EHU HLQH +�%U�FNH PLW GHP &DUERQ\O�6DXHUVWRII YRQ *O\ ��� DXI HLQHQ
JHVWUHFNWHQ /RRS GHU &�WHUPLQDOHQ 'RPlQH GHU 0�8QWHUHLQKHLW �EHUWUDJHQ� :lKUHQG GLH GDPLW YHUEXQGHQ
NRQIRUPDWLRQHOOHQ bQGHUXQJHQ LQ +� SVHXGRIODYD &2�'HK\GURJHQDVH ]X HLQHU .RQIRUPDWLRQVlQGHUXQJ GHV GHQ
,VRDOOR[D]LQULQJ YHUGHFNHQGHQ 7US�5HVWHV �7US ���� I�KUHQ� YHUEOHLEW 7\U ��� YRQ 2� FDUER[LGRYRUDQV &2�
'HK\GURJHQDVH DXFK QDFK 5HGXNWLRQ LQ VHLQHU DOWHQ .RQIRUPDWLRQ� 'LH 'LVWDQ]HQ JHEHQ GLH MHZHLOLJH 'LVWDQ]
]ZLVFKHQ GHP &DUERQ\O�2 XQG GHP 1��$WRP GHV ,VRDOOR[D]LQULQJHV DQ�

2IIHQVLFKWOLFK�I�KUW�GLH�5HGXNWLRQ�GHV�)$'��E]Z��GLH�QHX�DXVJHELOGHWH�+�%U�FNH�EHL�GHQ�EHLGHQ

&2�'HK\GURJHQDVHQ� ]X� XQWHUVFKLHGOLFKHQ� 5HDNWLRQHQ�� :lKUHQG� LQ� +�� SVHXGRIODYD� &2�

'HK\GURJHQDVH�� GLH� GHQ� ,VRDOOR[D]LQULQJ� YHUGHFNHQGH�7US�6HLWHQNHWWH� QDFK�5HGXNWLRQ� XP� ���

ZHJNODSSW� XQG� GDPLW� GDV� 1��$WRP� IUHL� ]XJlQJOLFK� ZLUG�� YHUEOHLEW� GLH� LQ� 2�� FDUER[LGRYRUDQV

VFK�W]HQGH�7\U�6HLWHQNHWWH�DQ�LKUHU�DOWHQ�3RVLWLRQ��'LH�.RQIRUPDWLRQ�YRQ�*O\�����LVW�LQ�EHLGHQ

XQWHUVXFKWHQ� (Q]\PHQ� DEKlQJLJ� YRP� 2[LGDWLRQV]XVWDQG� GHV� ,VRDOOR[D]LQULQJHV�� 6HLQH

.RQIRUPDWLRQVlQGHUXQJHQ� EHZLUNHQ� HEHQIDOOV� OHLFKWH� bQGHUXQJHQ� GHU� .RQIRUPDWLRQHQ

XPOLHJHQGHU�5HVWH��ZLH�7US�����XQG�7\U�����



��

'LVNXVVLRQ

0HWKRGLVFKH�:HLWHUHQWZLFNOXQJHQ

=XRUGQXQJ�GHV�(OHPHQWW\SV

(LQ� RIW� DXIWUHWHQGHV� 3UREOHP� LQ� GHU� 5|QWJHQNULVWDOORJUDSKLH� LVW� GLH� ,GHQWLILNDWLRQ� GHV

(OHPHQWW\SV� QHX� HQWGHFNWHU� 0ROHN�OJUXSSHQ�� 'LHVH� WUHWHQ� LQVEHVRQGHUH� DOV� XQHUZDUWHWH

0RGLILNDWLRQHQ�� E]Z�� DOV� NRRUGLQLHUWH� ,RQHQ� LQ� 3URWHLQHQ� DXI�� GHUHQ� FKHPLVFKH� ,GHQWLWlW� QLFKW

HLQGHXWLJ�IHVWVWHOOEDU�LVW��+lXILJ�ZHUGHQ�]XU�,GHQWLIL]LHUXQJ�LQGLUHNWH�+LQZHLVH�YHUZHQGHW��VR�EHL

,RQHQ� LKUH� .RRUGLQDWLRQVJHRPHWULH�� $UW� GHU� /LJDQGHQ� XQG� %LQGXQJVOlQJHQ�� E]Z�� FKHPLVFKH

$QDO\VHQ�

=XU�%HVWLPPXQJ�GHV�(OHPHQWW\SV�HLQHU�XQHUZDUWHWHQ�.RPSRQHQWHQ�GHV�DNWLYHQ�=HQWUXPV�YRQ

&2�'HK\GURJHQDVH�ZXUGHQ�0$'�7HFKQLNHQ�YHUZHQGHW��$EE�����

(UVWH�8QWHUVXFKXQJHQ� ]HLJWHQ� GDV�9RUOLHJHQ� HLQHU�0RGLILNDWLRQ� LP� DNWLYHQ�=HQWUXP� GHU� &2�

'HK\GURJHQDVH��0DVVHQVSHNWURVNRSLVFKH�$QDO\VHQ�KDWWHQ�]XYRU�QHEHQ�GHU�$QZHVHQKHLW�YRQ�)H

XQG�0R�DXFK�GLH�3UlVHQ]�YRQ�6H�LP�(Q]\P�JH]HLJW��=X�GLHVHU�=HLW�ODJHQ�'DWHQVlW]H�YRU��GLH�DQ

GUHL� YHUVFKLHGHQHQ�:HOOHQOlQJHQ� JHPHVVHQ� ZXUGHQ��0LW� GLHVHQ�'DWHQ� NRQQWH� JH]HLJW� ZHUGHQ�

GD�� HV� VLFK� EHL� GHP�0R�QDKHQ�$WRP� XP� HLQHQ� DQRPDOHQ� 6WUHXHU�PLW� HLQHU�$EVRUSWLRQVNDQWH

]ZLVFKHQ��������c�XQG��������c�KDQGHOQ�PXVV��'LHV��ZLH�GLH�%LQGXQJ�DQ�HLQ�6 γ�$WRP�HLQHV�&\V�

5HVWHV�OHJWHQ�GLH�,QWHUSUHWDWLRQ�GHV�$WRPV�DOV�6H�QDKH�

(UVW�GLH�VSlWHUH�%HUHFKQXQJ�YRQ�DQRPDOHQ�)RXULHUV\QWKHVHQ�EHL������c�ZLHVHQ�GLHVHV�$WRP�DOV

DQRPDOHQ�6WUHXHU�EHL�GLHVHU�:HOOHQOlQJH�DXV��ZDV�QLFKW�]X�GHU�HUZDUWHWHQ�$EVRUSWLRQVNDQWH�GHV

6H� EHL� ����� c� SD�W�� (LQ� $EVRUSWLRQVVFDQ� �$EE������ GXUFKJHI�KUW� DQ� HLQHP� .ULVWDOO� GHU

KRFKDNWLYHQ� &2�'HK\GURJHQDVH�� ]HLJWH� GDV� 9RUOLHJHQ� YRQ� &X� LP� (Q]\P�� 0HVVXQJHQ� YRQ

NRPSOHWWHQ�'DWHQVlW]HQ�YRU�XQG�KLQWHU�GHU�H[SHULPHQWHOO�HUPLWWHOWHQ�&X�.�.DQWH�HUODXEWHQ�GLH

%HUHFKQXQJ� YRQ� DQRPDOHQ�'LIIHUHQ]IRXULHUV\QWKHVHQ�� GLH� HLQGHXWLJ� ]HLJWHQ�� GD�� GDV�0R�QDKH

$WRP�HLQ�&X�,RQ�VHLQ�PXVV��GD�GLH�$EVRUSWLRQVNDQWH�GHV�(OHPHQWV�GXUFK�GLHVH�)RXULHUV\QWKHVHQ

DXI�GHQ�%HUHLFK�]ZLVFKHQ�������XQG�������c�IHVWJHOHJW�ZHUGHQ�NRQQWH��$EE������'LH�]XVlW]OLFK

GXUFKJHI�KUWHQ�$EVRUSWLRQVVFDQV�ZLHVHQ�LQ�GLHVHP�������c�ZHLWHQ�%HUHLFK�QXU�HLQHQ�DQRPDOHQ

6WUHXHU� DXV�� GHVVHQ� $EVRUSWLRQVNDQWH� ZHLWHU� DXI� ������� c� YHUIHLQHUW� ZHUGHQ� NRQQWH�� ZDV� GHU

WKHRUHWLVFKHQ�.�.DQWH�YRQ�&X�EHL��������c�HQWVSULFKW�

'LHVH�0HWKRGH�LVW�GHU�GLUHNWHVWH�1DFKZHLV�GHV�(OHPHQWW\SV�HLQHV�$WRPV�LQ�HLQHU�3URWHLQVWUXNWXU

XQG�VWHOOW�HLQH�(UZHLWHUXQJ�GHV�PHWKRGLVFKHQ�5HSHUWRLUV�GHV�.ULVWDOORJUDSKHQ�GDU�



'LVNXVVLRQ ��

2SWLPLHUXQJ�GHU�'LIIUDNWLRQVTXDOLWlW�YRQ�3URWHLQNULVWDOOHQ

'LH�$Q]DKO�GHU�6WUXNWXUHQ�PLW�UHDO�DWRPDUHU�$XIO|VXQJ��G�����c����ZLH�GLH�=DKO�GHU�6WUXNWXUHQ

LQVJHVDPW��GLH�LQ�GHQ�OHW]WHQ�-DKUHQ�LQ�GHU� 3URWHLQ�'DWD�%DVH��3'%��KLQWHUOHJW�ZXUGHQ��QLPPW�X�D�

GXUFK� GLH� 9HUZHQGXQJ� YRQ� 6\QFKURWURQ�6WUDKOXQJVTXHOOHQ� XQG� YHUEHVVHUWHQ

.ULVWDOOLVDWLRQVPHWKRGHQ�GHXWOLFK�]X��(LQH�$QDO\VH�GHU�LQ�GHU�3'%�KLQWHUOHJWHQ�6WUXNWXUHQ�]HLJW�

GD�� GLH� ZHLWDXV� PHLVWHQ� UHDO� DWRPDU� DXIJHO|VWHQ� 6WUXNWXUHQ� �G������ c�� ZHQLJHU� DOV� ��� N'D

3URWHLQ� SUR� DV\PPHWULVFKHU� (LQKHLW� GHU� (OHPHQWDU]HOOH� DXIZHLVHQ� �$EE������ 'LH� PHLVWHQ

6WUXNWXUHQ� FKDUDNWHULVLHUHQ� ]XGHP� QXU� HLQHQ� NDWDO\WLVFKHQ� =XVWDQG�� 1XU� HLQH� 6WUXNWXU�� GLH

0HWK\O�&RHQ]\P�0�5HGXNWDVH� YRQ� 0HWKDQREDFWHULXP� WKHUPRDXWRWURSKLFXP� �(UPOHU��*UDEDUVH� HW� DO�

������PLW�����N'D�I�U�GDV�α�β�γ��'LPHU�EHL�HLQHU�$XIO|VXQJ�YRQ������c�IlOOW�DXV�GLHVHP�5DKPHQ
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 d<1.2 Angs.
 d<1.1 Angs.

$EELOGXQJ ��� $Q]DKO GHU DWRPDU DXIJHO|VWHQ 6WUXNWXUHQ LQ GHU 3'% �6WDQG� �� 6HSWHPEHU ������
$XIJHWUDJHQ LVW GLH $Q]DKO GHU 6WUXNWXUHQ LQ HLQHP YRUJHJHEHQHQ *U|�HQEHUHLFK� $OV *U|�HQNULWHULXP ZXUGH GLH
3URWHLQPDVVH LQ GHU DV\PPHWULVFKHQ (LQKHLW GHU KLQWHUOHJWHQ .ULVWDOOVWUXNWXUHQ JHZlKOW�

'LH�6WUXNWXU�GHU�&2�'HK\GURJHQDVH�EHL������c�LVW�HWZD�VHFKVPDO�JU|VVHU�DOV�GLH�JU|VVWH�]XU�=HLW

LQ�GHU�3'%�KLQWHUOHJWH�6WUXNWXU�PLW�YHUJOHLFKEDUHU�$XIO|VXQJ��G������c���'LHV�]HLJW�GDV�JURVVH

3RWHQWLDO� GHU� .ULVWDOOWUDQVIRUPDWLRQ�� 'LH� PLW� LKU� HUUHLFKEDUHQ� 9HUEHVVHUXQJHQ� LQ� GHU

'LIIUDNWLRQVTXDOLWlW� YRQ� .ULVWDOOHQ� ELHWHQ� HLQ� YLHOVHLWLJHV� PHWKRGLVFKHV� +LOIVPLWWHO� I�U

NULVWDOORJUDSKLVFK�PHFKDQLVWLVFKH�6WXGLHQ�EHL�K|FKVWHQ�$XIO|VXQJHQ�



��

*HQDXLJNHLW�GHU�YHUIHLQHUWHQ�.RRUGLQDWHQ��6\VWHPDWLVFKH�XQG�VWDWLVWLVFKH�)HKOHU

6\VWHPDWLVFKH�)HKOHU

D�� 3KRWR�5HGXNWLRQ��2[LGDWLRQ�GXUFK�5|QWJHQVWUDKOXQJ

(LQ�VRZRKO�XQJHZROOWHU�ZLH�XQYHUPHLGEDUHU�(IIHNW� YRQ�5|QWJHQVWUDKOHQ�DXI�PDNURPROHNXODUH

.ULVWDOOH�LVW�GLH�6FKlGLJXQJ�GHU�3UREH�GXUFK�GLH�KRFKHQHUJHWLVFKH�6WUDKOXQJ��(LQHU�GHU�SULPlUHQ

(IIHNWH� GLHVHU� 6WUDKOXQJ� LVW� GLH� *HQHULHUXQJ� YRQ� (OHNWURQHQ� GXUFK� $EVRUSWLRQ� GHU

5|QWJHQSKRWRQHQ� �1DYH� ������� 1HEHQ� DQGHUHQ� 3UR]HVVHQ� NDQQ� GLHV� ]XU� 5HGXNWLRQ� YRQ

5HGR[]HQWUHQ� I�KUHQ�� 2EZRKO� WLHIH� 7HPSHUDWXUHQ� ]X� HLQHU� 9HUPLQGHUXQJ� GLHVHU� 3UR]HVVH

I�KUHQ��WUHWHQ�VLH�DXFK�EHL�²����&�QRFK�DXI��'DGXUFK�VLQG�bQGHUXQJHQ�GHV�2[LGDWLRQV]XVWDQGHV

GHV�0RFR�P|JOLFK� �6FKLQGHOLQ��.LVNHU�HW�DO������� ��'LHV�LVW� LQVEHVRQGHUH�LQ�8QWHUVXFKXQJHQ��LQ

GHQHQ�GHU�8QWHUVFKLHG�]ZLVFKHQ�R[LGLHUWHQ�XQG�UHGX]LHUWHQ�5HGR[]HQWUHQ�DXIJHNOlUW�ZHUGHQ�VROO�

VW|UHQG�

'LH� )HVWVWHOOXQJ� GHV� 2[LGDWLRQV]XVWDQGHV� HLQHU� 3UREH� LQ� /|VXQJ� ZLUG� PHLVW� VSHNWURVNRSLVFK

YRUJHQRPPHQ�� ZREHL� X�D�� $EVRUEWLRQHQ� LP� 89�9,6�%HUHLFK� YRQ� (OHNWURQHQ�EHUJlQJHQ

�89�9,6�6SHNWURVNRSLH���GLH�'HWHNWLHUXQJ�SDUDPDJQHWLVFKHU�=XVWlQGH��(35�6SHNWURVNRSLH���GLH

0HVVXQJ� GHU� FKHPLVFKHQ� 9HUVFKLHEXQJ� XQG� GHU� 4XDGUXSRO�$XIVSDOWXQJ� �0|VVEDXHU�

6SHNWURVNRSLH�� RGHU� GLH� )HVWVWHOOXQJ� GHU� H[DNWHQ� /DJH� GHU� $EVRUEWLRQVNDQWH� �;$6�� �*HRUJH�

+HGPDQ�HW�DO������� �JHQXW]W�ZHUGHQ�N|QQHQ��2EZRKO�GLHVH�0HWKRGHQ�WKHRUHWLVFK�DXFK�I�U�GLH

8QWHUVXFKXQJ� YRQ� NULVWDOOLQHQ� 3UREHQ� JHHLJQHW� VLQG�� VHW]HQ� VLH� GDV� 9RUKDQGHQVHLQ� JHHLJQHWHU

6SHNWURPHWHU�YRUDXV�XQG�N|QQHQ�QXU� LQ�$XVQDKPHIlOOHQ�DQ�.ULVWDOOHQ�YRU��QDFK�RGHU� LP�)DOOH

GHU�89�9,6�6SHNWURVNRSLH�ZlKUHQG�GHU�0HVVXQJ�DP�.ULVWDOO�GXUFKJHI�KUW�ZHUGHQ�

8P�GLH�$XVZLUNXQJ�GHU�3KRWRUHGXNWLRQ�DXI�&2�'HK\GURJHQDVH�.ULVWDOOH�DEVFKlW]HQ�]X�N|QQHQ�

ZXUGHQ�0HVVXQJHQ�PLW�YHUULQJHUWHU�6WUDKOHQGRVLV�DP�6\QFKURWURQ�GXUFKJHI�KUW��$OV�,QGLNDWRUHQ

GHV�2[LGDWLRQV]XVWDQGHV�GHU�UHGR[DNWLYHQ�=HQWUHQ�ZXUGH�GHU�$EVWDQG�]ZLVFKHQ�0R�XQG�&X��GHU

VLFK�GXUFK�5HGXNWLRQ�YHUJU|�HUW��VRZLH�GHU�$EVWDQG�]ZLVFKHQ�GHP�&DUERQ\O�2�YRQ�*O\����0

XQG� GHP� 1��$WRP� GHV� ,VRDOOR[D]LQULQJHV� JHZlKOW�� GD� ]ZLVFKHQ� EHLGHQ� $WRPHQ� QXU� LP

UHGX]LHUWHQ�=XVWDQG�GHV�,VRDOOR[D]LQULQJHV��3URWRQLHUXQJ�GHV�1���HLQH�+�%U�FNH�DXIJHEDXW�ZLUG�

%HLGH�'LVWDQ]HQ�N|QQHQ�HEHQIDOOV�KLQUHLFKHQG�JHQDX�EHL�GHQ�$XIO|VXQJHQ�EHVWLPPW�ZHUGHQ��GLH

PLW� &2�'HK\GURJHQDVH� .ULVWDOOHQ� DQ� 5|QWJHQJHQHUDWRUHQ� PLW� NRQYHQWLRQHOOHU� URWLHUHQGHU

$QRGH�HU]LHOW�ZHUGHQ�N|QQHQ�



'LVNXVVLRQ ��

0R�&X�'LVWDQ]��c� 1��2�*O\����'LVWDQ]��c�

2[��.XU]PHVVXQJ ���� ����

2[��/DQJPHVVXQJ ���� ����

'LWKLRQLW�5HG� ���� ����

7DEHOOH �� (LQIOX� GHU 5|QWJHQVWUDKOXQJ DXI GHQ 2[LGDWLRQV]XVWDQG GHV >&X0R@�&OXVWHUV XQG GHV
,VRDOOR[D]LQULQJHV� 'LH DQJHJHEHQHQ 'LVWDQ]HQ JHEHQ GDV 0LWWHO GHU LQ GHQ EHLGHQ 0RQRPHUHQ JHPHVVHQHQ
'LVWDQ]HQ DQ�

'LH�'LVWDQ]HQ��GLH�VLFK� LQ�GHP�.ULVWDOO� ]HLJHQ��GHU�ZHQLJHU� DOV� HLQH�6WXQGH�GHP�5|QWJHQVWUDKO

DXVJHVHW]W� ZDU�� HQWVSUHFKHQ� GHQ� 'LVWDQ]HQ�� GLH� YRQ� HLQHP� R[LGLHUWHQ� .ULVWDOO� DXI� HLQHP

NRQYHQWLRQHOOHQ� 5|QWJHQJHQHUDWRU� JHPHVVHQ� ZXUGHQ�� (LQ� .ULVWDOO�� GHU� ]XU� 2SWLPLHUXQJ� GHU

$XIO|VXQJ� I�U� FD�� �K� DP� 6\QFKURWURQ� JHPHVVHQ� ZXUGH�� ]HLJW� GDJHJHQ� 9HUlQGHUXQJHQ� GHU

'LVWDQ]HQ�XQG�HUVFKHLQW�EHUHLWV�WHLOZHLVH�UHGX]LHUW��7DE����

E�� )RXULHUUHLKHQ�$EEUXFK�3KlQRPHQH� LQ� GHU� 1lKH� HOHNWURQHQUHLFKHU� $WRPH� XQG� DQGHUH� DXIO|VXQJVDEKlQJLJH

3UREOHPH

(LQH� .RQVHTXHQ]� GHU� OLPLWLHUWHQ� $XIO|VXQJ� PDNURPROHNXODUHU� 6WUXNWXUHQ� LVW�� GD�� LKUH

)RXULHUV\QWKHVHQ�%HLWUlJH� YRQ�5HLKHQDEEUXFKHIIHNWHQ� ]HLJHQ� N|QQHQ�� GLH� ]XU�$XVELOGXQJ� YRQ

SRVLWLYHQ�XQG�QHJDWLYHQ�:HOOHQ� LQ� GHU�)RXULHUV\QWKHVH� XP� VWUHXHQGH�$WRPH� I�KUHQ��'LHV� WULWW

DXI��ZHQQ�GHU�$WRPIRUPIDNWRU�GHV�EHWUHIIHQGHQ�6WUHXHU�DP�/LPLW�GHU�YHUI�JEDUHQ�'DWHQ�QLFKW

DXI�1XOO�DEJHVXQNHQ�LVW��'LHVHU�(IIHNW�LVW�LQVEHVRQGHUH�GDQQ�EHREDFKWEDU��ZHQQ�HV�XP�5HJLRQHQ

QDKH�VFKZHUHU��HOHNWURQHQUHLFKHU�$WRPH�ZLH�0R�XQG�:�JHKW� �6FKLQGHOLQ��.LVNHU�HW�DO������� ��'DV

HUVWH� 0LQLPXP� WULWW� GDEHL� LQ� HLQHU� 'LVWDQ]� YRP� 6WUHXHU� DXI�� GLH� LQ� HWZD� GHU� $XIO|VXQJ� GHV

'DWHQVDW]HV� HQWVSULFKW�� 'D� GLH� $QDO\VH� PDNURPROHNXODUHU� 6WUXNWXUHQ� W\SLVFKHUZHLVH� EHL

$XIO|VXQJHQ� XP� a�� c� VWDWWILQGHW� XQG� GLH� LQWHUHVVLHUHQGHQ� 0HWDOO�/LJDQG� $EVWlQGH� LQ� 0R�

KDOWLJHQ�3URWHLQHQ� HEHQIDOOV� XP�a��c� OLHJHQ�� NDQQ� VLFK� GHU�(IIHNW� GHU�$EEUXFKZHOOHQ� DXI� GLH

,QWHUSUHWDWLRQ� XQG� 3RVLWLRQLHUXQJ� GHU�0R�/LJDQGHQ� DXVZLUNHQ� �6FKLQGHOLQ�� .LVNHU� HW� DO�� �����

�$EE�����



��



'LVNXVVLRQ ��

$EELOGXQJ ��� )RXULHUUHLKHQDEEUXFK�(IIHNWH LQ GHU 1lKH GHV 0R�,RQV� 'DV 0R�,RQ DXI GHU OLQNHQ 6HLWH
ZXUGH PLW HLQHU �)R�)F )RXULHUV\QWKHVH GDUJHVWHOOW �.RQWXU 1HW]� �σ� 2EHUIOlFKH� ���σ�� JHUHFKQHW EHL GHQ MHZHLOV
DQJHJHEHQHQ $XIO|VXQJHQ� 'LH UHFKWV VWHKHQGHQ 'LDJUDPPH ]HLJHQ GHQ (LQIOXVV GHU )RXULHUUHLKHQDEEUXFK�(IIHNWH
DXI HLQH EHUHFKQHWH (OHNWURQHQGLFKWH �)&DOF��ϕ&DOF� �)RXULHUV\QWKHVH� EHL YHUVFKLHGHQHQ $XIO|VXQJHQ XP 0R DOOHLQH
�*U�QH /LQLH�� E]Z� HLQH 0R�2[R *UXSSH �5RWH /LQLH� PLW HLQHU %LQGXQJVOlQJH YRQ ���� c� 'HQ EHLGHQ $WRPHQ
ZXUGH HLQ %�)DNWRU YRQ ���� c� ]XJHZLHVHQ�

'LH�YHUJOHLFKVZHLVH�JHULQJH�$XIO|VXQJ�PDNURPROHNXODUHU�6WUXNWXUHQ�EHGLQJW� HEHQIDOOV��GD��GDV

9HUKlOWQLV�GHU�H[SHULPHQWHOOHQ�2EVHUYDEOHQ��JHPHVVHQH�,QWHQVLWlWHQ��]XU�$Q]DKO�GHU�YHUIHLQHUWHQ

3DUDPHWHU� �.RRUGLQDWHQ� XQG� 7HPSHUDWXUIDNWRUHQ�� GHXWOLFK� NOHLQHU� LVW� DOV� LP� )DOOH� YRQ

.OHLQPROHN�OVWUXNWXUHQ�� =XVlW]OLFKH� ,QIRUPDWLRQHQ� LQ� PDNURPROHNXODUHQ� 9HUIHLQHUXQJHQ

VWDPPHQ� DXV� VWHUHRFKHPLVFKHQ� %HVFKUlQNXQJHQ� � 5HVWUDLQV�� LQ� )RUP� HLQHV� ]XVlW]OLFKHQ

(QHUJLHWHUPV�� GLH� GLH� *HRPHWULH� GHV� 0ROHN�OV� LQQHUKDOE� ]X� HUZDUWHQGHU� *UHQ]HQ� ]X� KDOWHQ�

'XUFK�GLHVH�%HVFKUlQNXQJHQ�ZLUG�DEHU�DXFK�HLQH�%HHLQIOXVVXQJ�GHU�.RRUGLQDWHQ�YRUJHQRPPHQ�

GLH�GLH�9HUIHLQHUXQJ�KLQ� ]XP�DQJHQRPPHQHQ�0RGHOO� WHQGLHUHQ� Ol�W� �+RGHO��.LP�HW� DO�� ����� �

'LHVH� hEHUOHJXQJHQ� VLQG� LQVEHVRQGHUH� LQ� 9HUIHLQHUXQJHQ� YRQ� 0HWDOO�/LJDQG� 'LVWDQ]HQ� LQ

QHXDUWLJHQ� 0HWDOORSURWHLQHQ� ZLFKWLJ�� :HQQ� HLQH� %HVFKUlQNXQJ� GHU� 'LVWDQ]HQ� ZlKUHQG� GHU

9HUIHLQHUXQJ�YRUJHQRPPHQ�ZLUG��NDQQ�GDV�(UJHEQLV�QLFKW�PHKU�DOV�XQEHHLQIOX�W�DQJHQRPPHQ

ZHUGHQ��ZlKUHQG�HV� LP�)DOOH� XQHLQJHVFKUlQNWHU�9HUIHLQHUXQJHQ� ]X� IDOVFKHQ�:HUWHQ� YHUIHLQHUQ

N|QQWH��'LHVH�)HKOHU�N|QQHQ� LP�)DOOH�YRQ�/LJDQG�0HWDOO�$EVWlQGHQ���������c�DXVPDFKHQ�XQG

HLQHQ�2[R�/LJDQGHQ��W\SLVFKH�'LVWDQ]������c ��DOV�+\GUR[R���W\SLVFKH�'LVWDQ]�a����c��RGHU�DOV

:DVVHU�/LJDQGHQ��W\SLVFKH�'LVWDQ]�a����c��DXVZHLVHQ�

%HL� DWRPDUHQ� $XIO|VXQJHQ� GDJHJHQ� EHVWHKW� GLH� 0|JOLFKNHLW�� LQ� HLQHU� DQIDQJV� EHUHFKQHWHQ

)RXULHUV\QWKHVH� GLH� /LJDQGHQ� UHODWLY� JHQDX� ]X� SOD]LHUHQ� �NODUH� 0D[LPD� GHU� �'LIIHUHQ]��

)RXULHUV\QWKHVH�� $EE������ 'LH� DQVFKOLH�HQGH� 9HUIHLQHUXQJ� NDQQ� GDQQ� YRQ� $QIDQJ� DQ� RKQH

%HVFKUlQNXQJHQ�LQ�GHU�QlKHUHQ�8PJHEXQJ�GHV�0HWDOOV�GXUFKJHI�KUW�ZHUGHQ�XQG�I�KUW�]X�HLQHP

QDKH]X�XQEHHLQIOX�WHQ�%LOG�



��

$EELOGXQJ ��� (LQIOX� GHU $XIO|VXQJ GHU 'DWHQ DXI HLQH �)R�)F )RXULHUV\QWKHVH� 'LH )RXULHUV\QWKHVHQ
ZXUGHQ DOOH PLW GHP JOHLFKHQ 6DW] I�U )R� )F XQG ϕ3URW� EHUHFKQHW� 0RGHOO XQG 'DWHQ HQWVWDPPHQ DXV GHU ELV ���� c
YHUIHLQHUWHQ 6WUXNWXU GHU Q%,&�JHEXQGHQHQ )RUP GHU &2�'HK\GURJHQDVH�

=XIlOOLJH�)HKOHU��'LH�*HQDXLJNHLW�GHU�YHUIHLQHUWHQ�.RRUGLQDWLRQ

)�U� HLQH� $EVFKlW]XQJ� GHU� *HQDXLJNHLW� GHU� YHUIHLQHUWHQ� .RRUGLQDWHQ� ZXUGHQ� YHUVFKLHGHQH

0RGHOOH�YRUJHVFKODJHQ��6R�]�%��GHU�/X]]DWL�3ORW�XQG�VHLQH�1DFKIROJHU� �'LHVHQ�0HWKRGHQ�LVW�GLH

%HVFKUlQNXQJ� HLJHQ�� GD�� VLH� GLH�$EKlQJLJNHLW� GHV�.RRUGLQDWHQIHKOHUV� YRQ� GHU�(OHNWURQHQ]DKO

XQG� GHP� 'HE\H�:DOOHU� %�)DNWRU� QLFKW� EHWUDFKWHQ� �&UXLFNVKDQN� ������� VRQGHUQ� QXU� ]XU

$EVFKlW]XQJ�HLQHV�PLWWOHUHQ�)HKOHUV�YHUZHQGHW�ZHUGHQ�N|QQHQ��(LQH� LQGLYLGXHOOH�$EVFKlW]XQJ

GHU� 9DULDQ]� YRQ� %LQGXQJVOlQJHQ� OLHIHUW� GDJHJHQ� GLH� ,QYHUVLRQ� GHU� OHDVW�VTXDUHV� IXOO�PDWUL[� QDFK

HQWVSUHFKHQGHU� 9HUIHLQHUXQJ� �6KHOGULFN� XQG� 6FKQHLGHU� ����� �� GLH� DOOHUGLQJV� I�U� HLQ� JU|VVHUHV

3URWHLQ�GXUFK�GHQ�HQRUPHQ�6SHLFKHUEHGDUI�PLW�NRQYHQWLRQHOOHQ�&RPSXWHUQ�QLFKW�GXUFKI�KUEDU

LVW��&UXLFNVKDQN�������

'DV� 9RUOLHJHQ� QLFKW�NULVWDOORJUDSKLVFKHU� 6\PPHWULH� HUP|JOLFKWH� HV� DOOHUGLQJV�� I�U� GLH� &2�

'HK\GURJHQDVH�0LWWHOZHUWH�XQG�PLWWOHUH�)HKOHU�I�U�%LQGXQJVOlQJHQ�XQG�$EVWlQGH�DE]XVFKlW]HQ�

GLH� RKQH� JHRPHWULVFKH� UHVWUDLQV� YHUIHLQHUW� ZXUGHQ�� $OV� %HLVSLHOH� ZXUGHQ� ]ZHL� 6lW]H� YRQ

lTXLYDOHQWHQ� %LQGXQJHQ� �$WRPH� PLW� lKQOLFKHQ� 0DVVHQ� XQG� 'HE\H�:DOOHU�%�)DNWRUHQ�

DXVJHVXFKW��GLH�]X�XQWHUVFKLHGOLFKHQ�$XIO|VXQJHQ�YHUIHLQHUW�ZXUGHQ��'DEHL�HUJDEHQ�VLFK�I�U���

)H�6�%LQGXQJHQ�PLWWOHUH�)HKOHU�]ZLVFKHQ���������� ��c�XQG�I�U����&�&�1�2�%LQGXQJHQ�)HKOHU

]ZLVFKHQ� ������ ��� c� I�U� YHUIHLQHUWH� 6WUXNXUHQ� LP� $XIO|VXQJVEHUHLFK� ]ZLVFKHQ� ���������� c�



'LVNXVVLRQ ��

$XIJUXQG�GHU�JHULQJHQ�'DWHQEDVLV��YRQ�MHGHU�%LQGXQJ� OLHJHQ�QXU�]ZHL�XQDEKlQJLJH�0HVVXQJHQ

YRU��PDJ�GLHVHU�)HKOHU�GHQ�ZDKUHQ�)HKOHU�XQWHUVFKlW]HQ�

,Q� GHU� YRUOLHJHQGHQ� $UEHLW� ZXUGHQ� VROFKH� bQGHUXQJHQ� DQ� GHQ� 5HGR[]HQWUHQ� DOV� VLJQLILNDQW

DQJHVHKHQ�� GLH� EHL� GHQ� HQWVSUHFKHQGHQ� $XIO|VXQJHQ� PLQGHVWHQV� GHP� ]ZHLIDFKHQ� PLWWOHUHQ

)HKOHU�HQWVSUDFKHQ��'DEHL�ZXUGHQ� DOOH�bQGHUXQJHQ� DXI�GHQ�0LWWHOZHUW�GHU� ]ZHL�XQDEKlQJLJHQ

0HVVXQJHQ�0RQRPHUH�LQ�GHU�DV\PPHWULVFKHQ�(LQKHLW�EH]RJHQ�

,VW�GLH�&2�'HK\GURJHQDVH�HLQ�6HOHQRSURWHLQ�"

8QWHU� GHQ�ZHQLJHQ�EHNDQQWHQ� 6H�KDOWLJHQ� 3URWHLQHQ� EHILQGHQ� VLFK� HLQLJH�0R�� XQG�:R�KDOWLJH

3URWHLQH��ZLH�)RUPLDW�'HK\GURJHQDVHQ��HV�VLQG�:��XQG�0R�KDOWLJH�)RUPHQ�EHNDQQW���1LFRWLQDW�

'HK\GURJHQDVHQ��3XULQ�+\GUR[\ODVHQ�XQG�;DQWKLQ�'HK\GURJHQDVHQ� �6FKUlGHU��5LHQK|IHU�HW�DO�

������ 6HOI� XQG� 6WDGWPDQ� ����� �� :lKUHQG� )RUPLDW�'HK\GURJHQDVHQ� 6H� LQ� GHU� )RUP� YRQ

6HOHQRF\VWHLQ� EHLQKDOWHQ�� VFKHLQW� HV� LQ� GHQ� DQGHUHQ� (Q]\PHQ� GXUFK� SRVWWUDQVODWLRQDOH

0RGLILNDWLRQHQ�HLQJHI�JW�]X�VHLQ��'LH�$EKlQJLJNHLW�GHU�(Q]\PIXQNWLRQ�YRQ�6H�NRQQWH� I�U�GLH

)RUPLDW�'HK\GURJHQDVH�+�DXV� (��FROL�DXFK�VWUXNXUHOO�EHOHJW�ZHUGHQ� �*ODG\VKHY��%R\LQJWRQ�HW�DO�

�������%R\LQJWRQ��*ODG\VKHY�HW�DO������� �

(UVWH�+LQZHLVH� I�U� HLQH� VSH]LILVFKH� )XQNWLRQ� HLQHU� 6H�KDOWLJHQ�*UXSSH� LQ� &2�'HK\GURJHQDVH

HUJDEHQ� VLFK� DXV� GHU� $NWLYLHUEDUNHLW� GHV� (Q]\PV� GXUFK� 6HOHQLW�� 'DEHL� NRQQWH� PLW� UDGLRDNWLY

PDUNLHUWHP� ��6H�6HOHQLW�HEHQIDOOV�QDFKJHZLHVHQ�ZHUGHQ��GD��HV�]X�HLQHP�NRYDOHQWHQ�(LQEDX�GHV
��6H�NRPPW� �0H\HU�XQG�5DMDJRSDODQ������ ��'DV�YROODNWLYLHUWH�(Q]\P�HQWKLHOW�6H��0R�XQG�)$'

LQ� HLQHP� ������ PRODUHQ� 9HUKlOWQLV�� ZDV� DOV� NODUHU� +LQZHLV� GHU� NDWDO\WLVFKHQ� )XQNWLRQ� YRQ� 6H

DQJHVHKHQ�ZXUGH�

'LH�$QZHVHQKHLW�YRQ�6HOHQ�LP� DV�LVRODWHG�(Q]\P�ZXUGH�HEHQIDOOV�GXUFK�1HXWURQHQDNWLYLHUXQJV�

$QDO\VH��)OXRUHV]HQ]�6FDQV�XQG�(;$)6��XQYHU|IIHQWOLFKWH�(UJHEQLVVH��EHVWlWLJW�

'LH�6XFKH�QDFK�GHU�3RVLWLRQ�GHV�6H� LP�(Q]\P�ZXUGH� LP�5DKPHQ�GLHVHU�$UEHLW�PLW� DQRPDOHQ

'LIIHUHQ]IRXULHUV\QWKHVHQ�GXUFKJHI�KUW�XQG�]HLJWH��GD��6H�ZHGHU�LP�DNWLYHQ�=HQWUXP��$EE����

QRFK� DQ� HLQHU� DQGHUHQ� GHILQLHUWHQ� 3RVLWLRQ� LQ� KRFKDNWLYHP� 3URWHLQ� YRUOLHJW� XQG� GDPLW� HLQH

HVVHQWLHOOH� NDWDO\WLVFKH� )XQNWLRQ� I�U� 6H� LQ� GHU� &2�2[LGDWLRQ� XQZDKUVFKHLQOLFK� HUVFKHLQW�� (LQH

P|JOLFK�(UNOlUXQJ�I�U�GLH�$QZHVHQKHLW�YRQ�6H�LQ�&2�'HK\GURJHQDVH�ZlUH�HLQ�]XIlOOLJHU�(LQEDX

GHV� (OHPHQWV� LQGHP� HV� 6FKZHIHO� HUVHW]W�� (LQH� lKQOLFKH� %HREDFKWXQJ� ZXUGH� X�D�� I�U� HLQ

6HOHQRSURWHLQ�YRQ�&ORVWULGLXP�NOX\YHUL�EHULFKWHW��ZR�6H�LQ�)RUP�YRQ�6HOHQRPHWKLRQLQHQ��GLH��EHU

GDV�JHVDPWH�3RO\SHSWLG�YHUWHLOW�ZDUHQ��YRUODJ� �6OLZNRZVNL�XQG�6WDGWPDQ������ �



��

6WUXNWXUYHUJOHLFK�GHU�&2�'HK\GURJHQDVHQ�PLW�GHU�$OGHK\G�2[LGRUHGXNWDVH�DXV

'HVXOIRYLEULR�JLJDV

(LQH� EHUHLWV� YRU� GHU� &2�'HK\GURJHQDVH� VWUXNWXUHOO� FKDUDNWHULVLHUWH� 0RO\EGlQ�+\GUR[\ODVH� LVW

GLH�$OGHK\G�2[LGRUHGXNWDVH�YRQ�'��JLJDV��0RS���5RPDR��%DUDWD�HW�DO��������5RPDR��$UFKHU�HW�DO�

������+XEHU��+RI�HW�DO��������5RPDR��5|VFK�HW�DO������� �

(LQ� 9HUJOHLFK� GHV� &2�'HK\GURJHQDVH�0RQRPHUV�PLW� GHP�0RS�0RQRPHU� �$EE����� ]HLJW� GLH

SULQ]LSLHOOH� bKQOLFKNHLW� GHU� EHLGHQ� 6WUXNWXUHQ� I�U� GDV� 0RO\EGR�� XQG� (LVHQ�6FKZHIHO�3URWHLQ�

2EZRKO� GDV� 0RS�0RQRPHU� DXV� HLQHU� 3RO\SHSWLGH�.HWWH� DXIJHEDXW� LVW� XQG� GLH� &2�

'HK\GURJHQDVH� HLQH� 8QWHUHLQKHLWHQ�6WUXNWXU� EHVLW]W�� LVW� GLH� UHODWLYH� /DJH� GHU� EHLGHQ� HLQDQGHU

HQWVSUHFKHQGHQ�8QWHUHLQKHLWHQ�JOHLFK��'LHV�EHZLUNW� LQVEHVRQGHUH� lKQOLFKH�'LVWDQ]HQ� ]ZLVFKHQ

GHQ�UHGR[DNWLYHQ�*UXSSHQ�

$EELOGXQJ ��� 9HUJOHLFK GHV &2�'HK\GURJHQDVH 0RQRPHUV PLW GHU PRQRPHUHQ 0RS�6WUXNWXU YRQ '�

JLJDV� 'LH %lQGHUGDUVWHOOXQJ ]HLJW GLH JHQHUHOOH bKQOLFKNHLW GHU EHLGHQ 0RQRPHUH I�U GLH 0R�0&' .RIDNWRU�
KDOWLJH 8QWHUHLQKHLW�'RPlQH LQ ZHLVV XQG GLH >�)H��6@�&OXVWHU�KDOWLJH 8QWHUHLQKHLW �'RPlQH LQ URW� 'LH )$'�
KDOWLJH 0�8QWHUHLQKHLW LQ JHOE LVW QLFKW LP 0RS�3URWHLQ YRUKDQGHQ� :lKUHQG GLH 6�8QWHUHLQKHLW XQG LKU
NRUUHVSRQGLHUHQGHU 6WUXNWXUWHLO LQ 0RS VHKU lKQOLFK VLQG� XQWHUVFKHLGHQ VLFK GLH NRUUHVSRQGLHUHQGHQ %HUHLFKH GHU
/�8QWHUHLQKHLW WHLOZHLVH� 'LHV JLOW LQVEHVRQGHUH I�U GHQ 6XEVWUDWNDQDO YRQ 0RS� GHU GXUFK HLQHQ ]XVlW]OLFKHQ /RRS LQ
&2�'HK\GURJHQDVH YHUHQJW ZLUG� VRZLH I�U %HUHLFKH GHU 'LPHU�*UHQ]IOlFKH� GDV LP )DOOH YRQ 0RS VFKZlFKHU
DXVJHSUlJW LVW�

(LQ�6HTXHQ]YHUJOHLFK�]ZLVFKHQ�0RS�XQG�;DQWKLQ�2[LGDVHQ��'HK\GURJHQDVHQ�]HLJWH��GD��GLHVH

HLQH�,QVHUWLRQ�YRQ�����5HVWHQ�]ZLVFKHQ�GHU�0R�KDOWLJHQ�'RPlQH�XQG�GHU�)HUUHGR[LQ�'RPlQH

DXIZHLVHQ� �5RPDR�� $UFKHU� HW� DO�� ����� �� 'LH� ,QVHUWLRQ� GHU� 5HVWH� OLHJW� QDFK� HLQHP

6HTXHQ]YHUJOHLFK� LQQHUKDOE� GHV� YHUELQGHQGHQ� /RRSV� ]ZLVFKHQ� GHQ� EHLGHQ� IXQNWLRQDOHQ

(LQKHLWHQ�XQG�OHJWH�QDKH��GD��GLH�)ODYLQGRPlQH�DQ�GHU�6WHOOWH�VHL��DQ�GHU�GHU�9HUELQGXQJVORRS�LQ

0RS� ODJ�� 'LH� )ODYLQ�'RPlQH� LQ� &2�'HK\GURJHQDVH� ZXUGH� GDJHJHQ� GLUHNW� �EHU� GHP� 7\S�,,�



'LVNXVVLRQ ��

>�)H��6@�=HQWUXP� JHIXQGHQ� �$EE����� 'LHVH� 3RVLWLRQ� HUODXEW� NXU]H� 'LVWDQ]HQ� ]ZLVFKHQ� GHQ

UHGR[DNWLYHQ�*UXSSHQ�LP�0RQRPHU�

$EELOGXQJ ��� 'HU YHUELQGHQGH ORRS LQ 0RS� 'LH ,QVHUWLRQ GHU 5HVWH� GLH 0RS JHJHQ�EHU GHQ )ODYLQ�KDOWLJHQ
3URWHLQHQ IHKOHQ� OLHJHQ LP JU�Q HLQJHIlUEWHQ %HUHLFK� 'LHVHU ORRS IHKOW GHU &2�'HK\GURJHQDVH DXIJUXQG LKUHU
8QWHUHLQKHLWHQ 6WUXNWXU� 'LH 0�8QWHUHLQKHLW OLHJW DXI GHU JHJHQ�EHUOLHJHQGHQ 6HLWH GHU 6�8QWHUHLQKHLW�

%HLGH� 0RO\EGlQ�+\GUR[\ODVHQ� OLHJHQ� LQ� /|VXQJ� DOV� 'LPHUH� YRU� XQG� I�U� EHLGH� ZXUGHQ

'LPHUVWUXNWXUHQ�YRUJHVFKODJHQ��:lKUHQG�LP�)DOOH�GHU�EHLGHQ�&2�'HK\GURJHQDVH�6WUXNWXUHQ�HLQ

'LPHU�SUR�DV\PPHWULVFKHU�(LQKHLW�GHU�(OHPHQWDU]HOOH�JHIXQGHQ�ZXUGH�XQG�GLH�'LPHUH�LGHQWLVFK

VLQG��ZXUGHQ�I�U�0RS� �5RPDR��$UFKHU�HW�DO������� �XQG�GLH�KRPRORJH�$OGHK\G�2[LGRUHGXNWDVH

DXV� 'HVXOIRYLEULR� GHVXOIXULFDQV� �0RG�� �5HEHOR�� 0DFLHUD� HW� DO�� ����� � MHZHLOV� HLQ� 0RQRPHU� SUR

DV\PPHWULVFKHU� (LQKHLW� JHIXQGHQ� XQG� LKUH� YRUJHVFKODJHQHQ� 'LPHUVWUXNWXUHQ� EHUXKHQ� DXI

9HUJOHLFKHQ� GHU� XQWHUVFKLHGOLFKHQ� 3DFNXQJHQ� GHU� .ULVWDOOVWUXNWXUHQ� YRQ� 0RS� XQG� 0RG�� (LQ

9HUJOHLFK�GHU�'LPHUVWUXNWXUHQ�YRQ�0RS�0RG�XQG�&2�'HK\GURJHQDVH��$EE�����]HLJW�WURW]�GHU

UHODWLY� KRKHQ�.RQVHUYLHUXQJ� GHU� )DOWXQJ� LQ� GHQ� %HUHLFKHQ� GHU� MHZHLOLJHQ�'LPHULQWHUDNWLRQHQ�

GD�� EHLGH� RIIHQVLFKWOLFK� XQWHUVFKLHGOLFK� VLQG�� ZREHL� GLH� MHZHLOLJHQ� 0RQRPHUH� XP� ���

JHJHQHLQDQGHU�YHUGUHKW�HUVFKHLQHQ��'DV�)HKOHQ�GHU�0�8QWHUHLQKHLW� LQ�0RS�0RG�VFKHLQW�QLFKW

GHU�*UXQG�GLHVHU�XQWHUVFKLHGOLFKHQ�'LPHULVLHUXQJ� ]X� VHLQ�� GD� DXFK�GDV�0RS�0RG�'LPHU� HLQH

3RVLWLRQLHUXQJ�GHU�)ODYRSURWHLQ�8QWHUHLQKHLW��EHU�GHP�1�WHUPLQDOHQ�7\S�,,� >�)H��6@�=HQWUXP

HUODXEHQ�Z�UGH�

(LQ� GHQNEDUHU� *UXQG� I�U� GLH� EHREDFKWHWHQ� 8QWHUVFKLHGH� NDQQ� DXV� GHU� 1RWZHQGLJNHLW� GHV

(OHNWURQHQWUDQVIHUV�]X�HLQHP�PHPEUDQJHEXQGHQHQ�&\WRFKURP�LP�)DOOH�GHU�&2�'HK\GURJHQDVH

EHVWHKHQ�� ZlKUHQG� DOV� SK\VLRORJLVFKH� (OHNWURQDN]HSWRU� YRQ� 0RS� HLQ� O|VOLFKHV� )ODYRGR[LQ

LGHQWLIL]LHUW� ZXUGH� �%DUDWD�� /H*DOO� HW� DO�� ����� ��:lKUHQG� EHLP� &2�'HK\GURJHQDVH�'LPHU� GLH



��

(OHNWURQHQ� DEJHEHQGHQ� )ODYRSURWHLQH� DXI� HLQHU� 6HLWH� GHV� 'LPHUV� OLHJHQ� XQG� VRPLW� LP

PHPEUDQJHEXQGHQHQ�=XVWDQG� ]ZHL� (OHNWURQHQWUDQVSRUWNHWWHQ� YRP� DNWLYHQ�=HQWUXP� ELV� ]XP

PHPEUDQJHEXQGHQHQ� &\WRFKURP� DXIEDXHQ� N|QQHQ�� HUVFKHLQW� HLQ� VROFKHU� 7UDQVSRUW� LP

0RS�0RG�'LPHU�ZHGHU�Q|WLJ�QRFK�P|JOLFK�

$EELOGXQJ ��� 9HUJOHLFK GHU 'LPHUVWUXNWXUHQ YRQ 0RS XQG &2�'HK\GURJHQDVH� 'LH ]ZHL]lKOLJH $FKVH LVW
GXUFK HLQH RUDQJH /LQLH LQ GHU REHUHQ 5HLKH GDUJHVWHOOW� ZR VLH LQ GHU (EHQH GHU $EELOGXQJ OLHJW� ,Q GHU XQWHUHQ
5HLKH VWHKW GLH ]ZHL]lKOLJH $FKVH VHQNUHFKW DXI GHU (EHQH GHU $EELOGXQJ XQG ZLUG GXUFK HLQH JU�QH (OOLSVH
GDUJHVWHOOW�

(LQH� DXVJHSUlJWH� +RPRORJLH� ]ZLVFKHQ� EHLGHQ� 3URWHLQHQ� EHVWHKW� DXFK� DXI� GHU� (EHQH� GHU

3ULPlUVWUXNWXU��'DEHL�VLQG�DD�������YRQ�0RS�PLW�&R[6�]X����� �6FK�EHO��.UDXW�HW�DO������� �XQG

DD���������YRQ�0RS�PLW�&R[/�]X�����LGHQWLVFK��,Q�LKUHU�VWUXNWXUHOOHQ�+RPRORJLH�XQWHUVFKHLGHQ

VLFK�GLH�6��XQG�/�8QWHUHLQKHLW�YHUVFKLHGHQ�VWDUN�YRQ�GHQ�NRUUHVSRQGLHUHQGHQ�%HUHLFKHQ�LQ�0RS�

:lKUHQG�GLH�6�8QWHUHLQKHLW�XQG�GHU�NRUUHVSRQGLHUHQGH�%HUHLFK�YRQ�0RS�NDXP�XQWHUVFKHLGEDU

VLQG�� ]HLJHQ� VLFK� ]ZLVFKHQ�GHU�/�8QWHUHLQKHLW� XQG�GHP�NRUUHVSRQGLHUHQGHQ�%HUHLFK� YRQ�0RS

GHXWOLFKH�8QWHUVFKLHGH��$EE������'LHV�JLOW� LQVEHVRQGHUH� I�U�GHQ�6XEVWUDWNDQDO�YRQ�0RS��GHU� LQ

&2�'HK\GURJHQDVH�GXUFK�HLQHQ�]XVlW]OLFKHQ�/RRS�JHVFKORVVHQ�LVW��VRZLH�I�U�GHQ�HUVWHQ�7HLO�GHU

&�WHUPLQDOHQ�'RPlQH��GHU�LQ�&2�'HK\GURJHQDVH�GLH�'LPHU�*UHQ]IOlFKH�DXIEDXW�



'LVNXVVLRQ ��

$EELOGXQJ ��� hEHUODJHUXQJ GHU 6� XQG /�8QWHUHLQKHLW PLW GHQ NRUUHVSRQGLHUHQGHQ %HUHLFKHQ YRQ 0RS
�5RPDR� $UFKHU HW DO� ������ :lKUHQG GLH /�8QWHUHLQKHLW HLQLJH 8QWHUVFKLHGH LQ GHU )DOWXQJ ]XP HQWVSUHFKHQGHQ
%HUHLFK YRQ 0RS ]HLJW� VLQG GLH EHLGHQ 'RPlQHQ GHU 6�8QWHUHLQKHLW PLW 0RS QDKH]X LGHQWLVFK� 1XU ]ZLVFKHQ GHQ
'RPlQHQ NRPPW HV ]X JHULQJHQ $EZHLFKXQJHQ�

$XFK�GLH�DNWLYHQ�=HQWUHQ�YRQ�0RS�XQG�&2�'HK\GURJHQDVH�]HLJHQ�QHEHQ�GHXWOLFKHQ�3DUDOOHOHQ

DXFK�NODUH�8QWHUVFKLHGH��GLH��EHU�GLH�)XQNWLRQ�GHU�(Q]\PH�$XVNXQIW�JHEHQ�N|QQWHQ��:lKUHQG

GLH�6HNXQGlUVWUXNWXUHOHPHQWH�QDKH�GHU�DNWLYHQ�=HQWUHQ�LQ�EHLGHQ�(Q]\PHQ�VHKU�lKQOLFK�VLQG��LVW

VFKRQ�GLH�HUVWH�.RRUGLQDWLRQVVSKlUH�GHV�0R�,RQV�XQWHUVFKLHGHQ�� $V� LVRODWHG�0RS�]HLJW� lKQOLFK

ZLH�GLH�&1��LQDNWLYLHUWH�)RUP�GHU�&2�'HK\GURJHQDVH�GUHL�6DXHUVWRIIOLJDQGHQ��YRQ�GHQHQ�]ZHL

DOV�2[R��XQG�HLQHU�DOV�+\GUR[R�/LJDQG�LQWHUSUHWLHUW�ZXUGH� �+XEHU��+RI�HW�DO������� ��'LH�3RVLWLRQ

GHV�+\GUR[R�/LJDQGHQ�VWLPPW�PLW�GHU�3RVLWLRQ� LQ�&2�'HK\GURJHQDVH��EHUHLQ��(EHQVR� OLHJW� LQ

EHLGHQ�(Q]\PHQ�HLQ�2[R�/LJDQG�LQ�WUDQV�3RVLWLRQ�]X�*OX�����E]Z��*OX�����

$EELOGXQJ ��� 9HUJOHLFK GHU DNWLYHQ =HQWUHQ YRQ 0RS �OLQNV� XQG &2�'HK\GURJHQDVH �UHFKWV�� ,33 � VWHKW
LP DNWLYHQ =HQWUXP YRQ 0RS I�U HLQ ,VRSURSDQRO�0ROHN�O� GDV DOV P|JOLFKHV 0RGHOO I�U GHQ 0LFKDHOLV�.RPSOH[
�+XEHU� +RI HW DO� ����� LQ GHU SXWDWLYHQ 6XEVWUDWWDVFKH OLHJW� 0LW 2�6 LVW LQ GHU 0RS�6WUXNWXU GHU DSLNDOH 2[R�
/LJDQG JHNHQQ]HLFKQHW� GHU QDFK 5HVXOIXULHUXQJ GXUFK HLQHQ 6XOIR�/LJDQG VXEVWLWXLHUW LVW�

,Q�EHLGHQ�=HQWUHQ�ZHFKVHOZLUNW�HLQ�KRFKNRQVHUYLHUWHU�*OX�5HVW�PLW�0R��ZREHL�VLFK�LQ� DV�LVRODWHG

0RS�HLQ�$EVWDQG�YRQ������c�]ZLVFKHQ�2 ε��GHV�*OX�5HVWHV�XQG�0R�HUJLEW��ZlKUHQG�LQ� DV�LVRODWHG

R[LGLHUWHU�&2�'HK\GURJHQDVH�PLW�JHVFKORVVHQHP�>&X0R@�&OXVWHU�VLFK�HLQ�$EVWDQG�YRQ������c



��

]HLJW��+LHU�lKQHOW�0RS�GHU�&1 ��LQDNWLYLHUWHQ�&2�'HK\GURJHQDVH��GLH�PLW������c�HEHQIDOOV�HLQHQ

GHXWOLFK�YHUOlQJHUWHQ�$EVWDQG�]ZLVFKHQ�0R�XQG�2 ε��]HLJW�

:lKUHQG�LQ�0RS�5HVXOIXULHUXQJVH[SHULPHQWH�]XP�$XVWDXVFK�GHV�DSLNDOHQ�2[R�/LJDQGHQ��WUDQV

]X�*OX������I�KUWHQ� �+XEHU��+RI�HW�DO������� �$EE�����OLHJW�LQ�DV�LVRODWHG�&2�'HK\GURJHQDVH�GHU

YHUEU�FNHQGH� µ�6XOILGR�/LJDQG� WUDQV� ]XU� 'LWKLROHQ�*UXSSH� GHV� 0&'�.RIDNWRUV�� 'LHVHU

8QWHUVFKLHG� OLHJW� ZDKUVFKHLQOLFK� LQ� GHU� ]ZHLWHQ� .RRUGLQDWLRQVVSKlUH� GHV� 0R�,RQV� EHJU�QGHW�

ZHOFKH�GLH�SUlIHUHQWLHOOH�.RRUGLQDWLRQVVWHOOH�GHV�6XOILGR�/LJDQGHQ�PLWEHVWLPPW��'DV�&X�,RQ� LQ

&2�'HK\GURJHQDVH�NDQQ�GHQ�VHKU�ODELOHQ�6XOILGR�/LJDQGHQ� �<RXQJ��������6WLHIHO�������DP�0R

VWDELOLVLHUHQ��ZDV�VLFK�DXFK� LQ�GHU�JOHLFK]HLWLJHQ�$EVSDOWXQJ�YRQ�&X�XQG�GHP�6XOILGR�/LJDQGHQ

PLW� &1�� DXVGU�FNW�� $X�HUGHP� VHW]W� GDV� &X�,RQ� DOV� 6XEVWUDWELQGXQJVVWHOOH� HLQH� ]XVlW]OLFKH

3UlIHUHQ]�� GD� GHU� 6XOILGR�/LJDQG� QDFK� XQVHUHU� 9RUVWHOOXQJ� DQ� GHU� 6XEVWUDWXPVHW]XQJ� GLUHNW

EHWHLOLJW� LVW�� $Q� GHU� 6WHOOH� GHV� UHVXOIXULHUWHQ� /LJDQGHQ� LQ�0RS� OLHJW� LQ� &2�'HK\GURJHQDVH� HLQ

2[R�/LJDQG��GHU� LQ�+�%U�FNHQGLVWDQ]�]X�*OQ�����SRVLWLRQLHUW� LVW� �$EE������'LHVHU�*OQ�5HVW� LVW

LQQHUKDOE� GHU�0RO\EGlQ�+\GUR[\ODVH�)DPLOLH� VWULNW� NRQVHUYLHUW� PLW� GHQ� $XVQDKPHQ� YRQ�0RS

XQG� 0RG�� GLH� DQ� VHLQHU� 6WHOOH� HLQ� ,OH� EHVLW]HQ�� ,Q� EHLGHQ� 3URWHLQHQ� �0RS�0RG�� ZLUG� DOV

P|JOLFKHU�+�%U�FNHQGRQRU�I�U�GHQ�DSLNDOHQ�2[R�/LJDQGHQ�HLQH�+LV�6HLWHQNHWWH�JHIXQGHQ�

(LQ� ,VRSURSDQRO�0ROHN�O�� GDV� DOV� P|JOLFKHV� 0RGHOO� I�U� GHQ� 0LFKDHOLV�.RPSOH[� LQWHUSUHWLHUW

ZXUGH�XQG�GLH�6XEVWUDWELQGHWDVFKH�LQ�0RS�PDUNLHUW� �+XEHU��+RI�HW�DO������� ��OLHJW�LQ�HWZD�DQ�GHU

3RVLWLRQ��LQ�GHU�LQ�&2�'HK\GURJHQDVH�GDV�&X�,RQ�OLHJW��$EE������'LHV�NDQQ�DXI�HLQH�YHUZDQGWH

$UW�GHU�6XEVWUDWELQGXQJ�XQG�²RULHQWLHUXQJ�KLQZHLVHQ�

(LQH� EHVRQGHUH� (LJHQVFKDIW� YRQ� 0RS� XQG� 0RG� VLQG� LKUH� UHODWLY� JHULQJHQ� NDWDO\WLVFKHQ

$NWLYLWlWHQ� XQG� LKUH� JHULQJH� 6XEVWUDWVSH]LILWlW�� )DOOV� GLH� 6WDELOLVLHUXQJ� GHU�hEHUJDQJV]XVWDQGHV

GXUFK� HLQHQ� VSHFWDWRU�R[R� (IIHNW� �5DSSH� XQG� *RGGDUG� ,,,� ����� �� ZLH� I�U� &2�'HK\GURJHQDVH

YRUJHVFKODJHQ� �VLHKH� 0HFKDQLVPXV� 'LVNXVVLRQ��� HLQ� JHPHLQVDPHV� 0HUNPDO� GHU� 0RO\EGlQ�

+\GUR[\ODVHQ�LVW��N|QQWH�GLH�YHUlQGHUWH�FKHPLVFKH�8PJHEXQJ�GLHVHV�2[R�/LJDQGHQ�LQ�0RS�XQG

0RG�HYWO�� LKUH� JHULQJH�$NWLYLWlW� HUNOlUHQ��'LH� KRFKNRQVHUYLHUWH� GLUHNWH�8PJHEXQJ�GHV� VSHFWDWRU

R[R� /LJDQGHQ� �*OQ� ���� VRZLH� *OX� ���� LQ� WUDQV� 3RVLWLRQ� ]XP� VSHFWDWRU� R[R� /LJDQGHQ�� Ol�W� HV

ZDKUVFKHLQOLFK� HUVFKHLQHQ�� GD�� HU� HLQ� JHQHUHOOHV� &KDUDNWHULVWLNXP� GHU�0RO\EGlQ�+\GUR[\ODVHQ

LVW�

9HUJOHLFK�GHU�)DOWXQJ�YRQ�0�PLW�DQGHUHQ�)ODYRSURWHLQHQ

'XUFK� GLH� 9HUZHQGXQJ� GHV� 3URJUDPPHV� '$/,� �+ROP� XQG� 6DQGHU� ����� � NRQQWHQ� ]ZHL

)ODYRSURWHLQH�LGHQWLIL]LHUW�ZHUGHQ��GLH�bKQOLFKNHLWHQ�]XU�0�8QWHUHLQKHLW�GHU�&2�'HK\GURJHQDVH

]HLJWHQ�� (V� VLQG� GLHV� GLH� 8'3�1�DFHW\OHQRS\UXY\OJOXFRVDPLQ�5HGXNWDVH� YRQ� (VFKHULFKLD� FROL

�0XU%�� �%HQVRQ�� :DOVK� HW� DO�� ����� � XQG� GLH� 9DQLOO\O�$ONRKRO�2[LGDVH� �9$2�� YRQ� 3HQLFLOOLXP



'LVNXVVLRQ ��

VLPSOLFLVVLPXP��0DWWHYL��)UDDLMH�HW�DO������� ��%HLGH�]HLJHQ�LQ�GHQ�%HUHLFKHQ��GLH�GLUHNW�I�U�GLH�)$'�

%LQGXQJ�YHUDQWZRUWOLFK�VLQG�bKQOLFKNHLWHQ�]XU�0�8QWHUHLQKHLW��G�K�� VLH�EHVLW]HQ�HQWVSUHFKHQGH

%HUHLFK�I�U�GLH�1�WHUPLQDOH�XQG�PLWWOHUH�'RPlQH�GHU�0�8QWHUHLQKHLW��.HLQH�bKQOLFKNHLW�EHVWHKW

GDJHJHQ� ]ZLVFKHQ� GHU� &�WHUPLQDOHQ�'RPlQH� GHU�0�8QWHUHLQKHLW� XQG� DQGHUHQ� )ODYRSURWHLQHQ

�$EE�����

9$2� XQG�0XU%� VLQG� GLH�0LWJOLHGHU� HLQHU� QHXHQ�2[LGRUHGXNWDVH�)DPLOLH�� GLH� VLFK� GXUFK� HLQH

NRQVHUYLHUWH� )$'�ELQGHQGH� 'RPlQH� DXV]HLFKQHW� �)UDDLMH�� YDQ� %HUNHO� HW� DO�� ����� �� (LQH

9DULDELOLWlW� LQ� GHU� 6XEVWUDWHUNHQQXQJ� XQG� �XPVHW]XQJ� ZLUG� LQQHUKDOE� GHU� )ODYRSURWHLQIDPLOLH

�EHU�HLQH�LQGLYLGXHOOH�.DSSHQ�'RPlQH�HU]HXJW��,KU�DNWLYHV�=HQWUXP�OLHJW�LQ�GHU�*UHQ]IOlFKH�GHU

EHLGHQ�'RPlQHQ�

'LH�)$'�%LQGHPRWLYH�GHU�0RO\EGlQ�+\GUR[\ODVHQ��GLH�DXIJUXQG�GHU�,QWHUDNWLRQ�PLW�GHP�)$'

VRZLH� LKUHU� .RQVHUYLHUXQJ� FKDUDNWHULVLHUW� ZHUGHQ� N|QQHQ�� VLQG� D*JW� HQWVSUHFKHQG� ��$**+��

XQG�$[STL5Q[DW[**Q�HQWVSUHFKHQG� ���$'34,5<0*7,**1 ��� LQ�&R[0��,Q�GHU�9$2�)DPLOLH

ILQGHW�PDQ�GDV�VV*+V�XQG�VKV*�0RWLY��GLH� I�U�GLH�3\URSKRVSKDW�%LQGXQJ�YHUDQWZRUWOLFK�VLQG

�)UDDLMH��YDQ�%HUNHO�HW�DO������� ��%HLGH�0RWLYH�OLHJHQ�LQ�HLQHU�lKQOLFKHQ�(QWIHUQXQJ�YRQHLQDQGHU

LQ�GHU�3ULPlUVHTXHQ]�XQG�HQWVSUHFKHQ�VLFK�KLQVLFKWOLFK�LKUHU�3RVLWLRQ�LQ�GHU�6WUXNWXU�



��

$EELOGXQJ ��� 9HUJOHLFK GHU KRPRORJ VWUXNWXULHUWHQ )ODYRSURWHLQH GHU 9DQLOO\O�$ONRKRO�2[LGDVH�)DPLOLH
�9$2 XQG 0XU%� XQG GHU 0�8QWHUHLQKHLW GHU &2�'HK\GURJHQDVH� 9HUJOHLFKEDU JHIDOWHWH %HUHLFKH VLQG EODX
HLQJHIlUEW XQG GLHQHQ GHU )$'�%LQGXQJ� :HL� HLQJHIlUEWH %HUHLFKH ]HLJHQ NHLQH bKQOLFKNHLW LQ LKUHU )DOWXQJ �

2EZRKO� GLH� GUHL� )ODYRSURWHLQH� HLQH� lKQOLFKH� )DOWXQJ� DXIZHLVHQ�� XQWHUVFKHLGHQ� VLFK� LKUH

)XQNWLRQHQ�GHXWOLFK�

'D� GLH� 1�WHUPLQDOH� XQG� PLWWOHUH� 'RPlQH� RIIHQVLFKWOLFK� HLQH� IXQNWLRQDO� NRQVHUYLHUWH� )$'�

ELQGHQGH�(LQKHLW�GDUVWHOOHQ��PDJ�GLH�&�WHUPLQDOH�'RPlQH�GHU�0�8QWHUHLQKHLW� HLQH�0RO\EGlQ�

+\GUR[\ODVHQ�VSH]LILVFKH�)XQNWLRQ�HUI�OOHQ�

7\U� ���� LQ� GHU� &2�'HK\GURJHQDVH� YRQ� 2�� FDUER[LGRYRUDQV� ZLH� DXFK� 7US� ���� LQ� +�� SVHXGRIODYD

VFK�W]HQ�GDV�1��$WRP�GHV�,VRDOOR[D]LQULQJHV�JHJHQ�GLH�XPJHEHQGH�/|VXQJ��'LH�EHREDFKWHWHQ

NRQIRUPDWLRQHOOHQ�bQGHUXQJHQ�QDFK�(OHNWURQHQDXIQDKPH�GHV�,VRDOOR[D]LQULQJHV� LQ�GHQ�EHLGHQ

&2�'HK\GURJHQDVHQ�� ZREHL� LP� (Q]\P� DXV� +�� SVHXGRIODYD� QDFK� 5HGXNWLRQ� GHV� 1��$WRPV� GDV

)$'�VRJDU�]XJlQJOLFK�ZLUG��$EE������ODVVHQ�YHUPXWHQ��GD��GLH�.RQWUROOH�GHU�=XJlQJOLFKNHLW�GHV

,VRDOOR[D]LQULQJHV�HLQH�GHU�$XIJDEHQ�GHU�&�WHUPLQDOHQ�'RPlQH�LVW��$XFK�GHU�JHVWUHFNWH� ORRS��GHU

QHEHQ� 7\U� ����7US� ���� HEHQIDOOV� *O\� ���� WUlJW�� ZHOFKHV� GXUFK� VHLQH� .RQIRUPDWLRQ� GHQ

2[LGDWLRQV]XVWDQGV�GHV�)$'�DQ]HLJW��ZLUG�LQ�VHLQHU�/DJH�HUVW�GXUFK�GDV�DQWLSDUDOOHOH�)DOWEODWW�GHU

&�WHUPLQDOHQ�'RPlQH�VWDELOLVLHUW�

&2�'HK\GURJHQDVH�DOV�3URWRW\S�I�U�GLH�0RO\EGlQ�+\GUR[\ODVHQ

'LH� ]ZHL� YRUOLHJHQGHQ� 6WUXNWXUHQ� EHVFKUHLEHQ� HUVWPDOLJ� 0RO\EGR�(LVHQ�6FKZHIHO�)ODYR�

3URWHLQH�� 6LH� VWLPPHQ� LQ� GHQ� HQVSUHFKHQGHQ� %HUHLFKHQ�PLW� GHU� 6WUXNWXU� GHV� 0RO\EGR�(LVHQ�

6FKZHIHO�3URWHLQV� 0RS� DXV� '�� JLJDV� �EHUHLQ�� $XIJUXQG� GHU� KRKHQ� +RPRORJLH� GHU

$PLQRVlXUHVHTXHQ]�LQQHUKDOE�GHU�0RO\EGlQ�+\GUR[\ODVH�)DPLOLH�NDQQ�HUZDUWHW�ZHUGHQ��GD��DOOH

EHWUHIIHQGHQ� (Q]\PH� DXFK� HLQH� KRKH� VWUXNWXUHOOH� +RPRORJLH� DXIZHLVHQ�� 'LHV� PDFKW� GLH



'LVNXVVLRQ ��

6WUXNWXUHQ�GHU�&2�'HK\GURJHQDVHQ��LQVEHVRQGHUH�I�U�GLH�)$'�WUDJHQGH�8QWHUHLQKHLW��ZLH�DXFK

I�U�GLH�$QRUGQXQJ�GHU�.RIDNWRUHQ�]XP�3URWRW\S�I�U�GLH�6WUXNWXU�GHU�0RO\EGlQ�+\GUR[\ODVHQ�

'LH� &X�ELQGHQGH� $PLQRVlXUH� &\V� ���� LVW� 7HLO� HLQHV� /RRS�� GHU� I�U� &2�'HK\GURJHQDVHQ

NRQVHUYLHUW�LVW��9HUJOHLFKW�PDQ�GLHVHQ� ORRS��9$<5&6)5��PLW�GHQ�KRPRORJHQ�%HUHLFKHQ�DQGHUHU

0RO\EGlQ�+\GUR[\ODVHQ� �+lQ]HOPDQQ�� 'REEHN� HW� DO�� ����� � VR� ]HLJW� VLFK�� GD�� GLH

=XVDPPHQVHW]XQJHQ�MHZHLOV�W\SLVFK�I�U�HLQ]HOQH�(Q]\PNODVVHQ�LVW��6R�VFKHLQW�HV��GD��GLHVHU� ORRS

HLQHQ� HQWVFKHLGHQGHQ� %HLWUDJ� ]XU� 6XEVWUDWVSH]LILWlW� GHU� (Q]\PH� OHLVWHW�� 9HUJOHLFKW� PDQ� GLH

FKDUDNWHULVWLVFKHQ� 0RWLYH� GHU� XQWHUVFKLHGOLFKHQ� 6XEVWUDWNODVVHQ�� VR� ODVVHQ� VLFK� IROJHQGH

6XEIDPLOLHQ�DXIVWHOOHQ�

D�� 9$<5&6)5��&2�'HK\GURJHQDVH�

E�� ²$�<�)�5�*9*��4XLQROLQ���2[LGRUHGXNWDVH��1LFRWLQ�'HK\GURJHQDVH�

F�� ²$05�*+*����+\GUR[\EHQ]R\O�&R$�5HGXNWDVH�

G�� ²$)5�*�)�<�*� �SURNDU\RQWLVFKH� XQG� HXNDU\RQWLVFKH� ;DQWKLQ�2[LGDVH��'HK\GURJHQDVH�

023��02'��$OGHK\G�2[LGDVH��

,P�0RS�3URWHLQ�]�%�� LVW�GLHVHU�%HUHLFK�7HLO� HLQHV�JHVWUHFNWHQ� ORRSV�� GHU� DQ� HLQHU� YHUJOHLFKEDUHQ

3RVLWLRQ�ZLH�LQ�GHU�&2�'HK\GURJHQDVH�OLHJW�XQG�PLW�HLQHP�,VRSURSDQRO�0ROHN�O��HLQ�P|JOLFKHV

0RGHOO�I�U�GHQ�0LFKDHOLV�.RPSOH[�GHU�$OGHK\G�2[LGDWLRQ� �+XEHU��+RI�HW�DO������� ��LQWHUDJLHUW�

$EELOGXQJ ��� /RNDOLVLHUXQJ GHU 1$'��%LQGHVWHOOH LQ ;DQWKLQ�'HK\GURJHQDVHQ� 'LH HQWVSUHFKHQGHQ 5HVWH
GHU &2�'HK\GURJHQDVH� GLH LQ URV\ 0XWDQWHQ GHU ;DQWKLQ�'HK\GURJHQDVH YRQ '� PHODQRJDVWHU HLQH YHUlQGHUWH
$IILQLWlW I�U 1$'� ]HLJHQ� VLQG DOV URWH %DOO�DQG�6WLFN 0RGHOOH GDUJHVWHOOW�

'HU� +DXSWXQWHUVFKLHG� LQ� GHU� )XQNWLRQ� GHU� NRQYHUWLHUEDUHQ� ;DQWKLQ�2[LGDVH� XQG� ;DQWKLQ�

'HK\GURJHQDVH�LVW�LKUH�$IILQLWlW�I�U�(OHNWURQHQDN]HSWRUHQ� �+LOOH��������'LHVH�XQWHUVFKLHGOLFKHQ

5HDNWLYLWlWHQ� VLQG� ZDKUVFKHLQOLFK� DXI� GLH� )lKLJNHLW� 1$' ��1$'+� ]X� ELQGHQ� ]XU�FNI�KUEDU

�'REEHN�� *UHPHU� HW� DO�� ����� �� $IILQLWlWVVWXGLHQ� PLW� GHP� 3\ULGLQQXNOHRWLG�$QDORJRQ� �¶�S�

)OXRURVXOIRQ\OEHQ]R\ODGHQRVLQH���¶�)6%$�� �1LVKLQR�XQG�1LVKLQR�������1LVKLQR��6FKRSIHU�HW�DO�

������� YHUZLHVHQ� DXI� HLQHQ� 7\URVLQ�5HVW�� GHU� GLH� 1$' ��%LQGXQJVDIILQLWlW� YHUlQGHUWH�



��

5HDNWLYLWlWVVWXGLHQ�YRQ�;DQWKLQ�'HK\GURJHQDVH�9DULDQWHQ�YRQ� URV\�0XWDQWHQ�6WlPPHQ�YRQ� '�

PHODQRJDVWHU� EHLQKDOWHQ� 0XWDQWHQ�� GLH� 1$' �� QXU� QRFK� VFKOHFKW� RGHU� QLFKW� PHKU� DOV

(OHNWURQHQDN]HSWRU� QXW]HQ� NRQQWHQ� �+XJKHV�� %HQQHWW� HW� DO�� ������+XJKHV��'R\OH� HW� DO�� �����

'R\OH�� %XUNH� HW� DO�� ����� �� 'XUFK� 6HTXHQ]YHUJOHLFKH� YRQ� ;DQWKLQ�2[LGDVH��'HK\GURJHQDVH�

6HTXHQ]HQ� DXV� XQWHUVFKLHGOLFKHQ� 4XHOOHQ�� NRQQWHQ� ZLU� GLHVH� 0XWDWLRQHQ�� HEHQVR� ZLH� GDV

JHODEHOWH�7\U�LP�&2�'HK\GURJHQDVH�0RGHOO� ORNDOLVLHUHQ��$EE������'LH�0XWDWLRQHQ�HQWVSUHFKHQ

*O\������$VQ�����XQG�$OD�����LQ�&R[0��$EE������$OO�GLHVH�5HVWH�VDPPHOQ�VLFK�DXI�]ZHL� ORRSV�GHU

PLWWOHUHQ�'RPlQH�GHU�0�8QWHUHLQKHLW�QDKH�GHU�VROYHQVH[SRQLHUWHQ�6HLWH�GHV�,VRDOOR[D]LQULQJHV

GHV�)$'��'LH�VR�ORNDOLVLHUEDUH�SXWDWLYH�1$' ��%LQGXQJVVWHOOH�LQ�;DQWKLQ�'HK\GURJHQDVH�Z�UGH

I�U�HLQHQ�+\GULG�7UDQVIHU�YRP�,VRDOOR[D]LQULQJ�]X�HLQHP�3\ULGLQULQJ�DXI�GHU� VL�6HLWH� VSUHFKHQ�

'LHVH� I�U� )ODYRSURWHLQH� XQJHZ|KQOLFKH� 6WHUHRFKHPLH� ZXUGH� EHUHLWV� I�U� GLH� ,QWHUDNWLRQ� YRP

)DOWXQJVKRPRORJHQ� 0XU%� PLW� 1$'3 �� YRUJHVFKODJHQ� �)DUPHU�� &RQVWDQWLQH� HW� DO�� �����

�&RQVWDQWLQH��0XHOOHU�HW�DO������� �

.RRUGLQDWLRQVJHRPHWULH�EHL�0R�KDOWLJHQ�3URWHLQHQ��(LQKHLW�VWDWW�9LHOIDOW�"�(LQH�YHU]HUUW

WHWUDHGULVFKH�.RRUGLQDWLRQVJHRPHWULH�EHVFKUHLEW�DOOH�0R�KDOWLJHQ�=HQWUHQ

'LH� .RRUGLQDWLRQVJHRPHWULH� 0RO\EGRSWHULQ�KDOWLJHU� (Q]\PH� ZHLVW� LQ� GHQ� ELVKHULJHQ

%HVFKUHLEXQJHQ� JUR�H� 9DULDELOLWlW� DXI� �+LOOH� ������ 6FKLQGHOLQ�� .LVNHU� HW� DO�� ����� �� 'LH

]XJHRUGQHWHQ�*HRPHWULHQ�VFKHLQHQ�]XGHP�WHLOZHLVH�QXU�VFKZLHULJ�PLW�GHU�0R�.RPSOH[FKHPLH

YHUHLQEDU�]X�VHLQ� �<RXQJ��������'LH�,QWHUSUHWDWLRQ�GHU�*HRPHWULHQ�DP�0R�JHKW�GDEHL�YRQ�HLQHP

ÅHLQ�$WRP²HLQ�/LJDQG´�0RGHOO� DXV�XQG�]lKOW�GLH�EHLGHQ�6FKZHIHODWRPH�GHU�'LWKLROHQ�*UXSSH

DOV�]ZHL�/LJDQGHQ�

'LH�EHREDFKWHWHQ�:LQNHO� DP�0R�.RPSOH[� GHV� >&X0R@�=HQWUXPV� OHJHQ� GDJHJHQ� HLQH� YHU]HUUW

WHWUDHGULVFKH� .RRUGLQDWLRQ� QDKH�� LQ� GHU� GLH� 'LWKLROHQ�*UXSSH� DOV� HLQ� ]ZHL]lKQLJHU� /LJDQG

LQWHUSUHWLHUW�ZLUG��$EE������'LH�9HU]HUUXQJ�GHU�WHWUDHGULVFKHQ�*HRPHWULH�ZLUG�GDEHL�ZHVHQWOLFK

GXUFK� GHQ� YROXPLQ|VHQ� 'LWKLROHQ�/LJDQGHQ� KHUYRUJHUXIHQ�� ZDV� VLFK� LQVEHVRQGHUH� LQ� GHU

*HRPHWULH� GHU� &1 ��LQDNWLYLHUWHQ� )RUP� ZLGHUVSLHJHOW�� 'LH� ,QWHUSUHWDWLRQ� HLQHU� WHWUDHGULVFKHQ

*HRPHWULH� KDW� I�U� GLH�0RO\EGlQ�+\GUR[\ODVHQ� ]XP� HLQHQ� GHQ� 9RUWHLO�� GD�� 6SDQQXQJHQ� E]Z�

9HU]HUUXQJHQ� GHU� *HRPHWULH� I�U� /LJDQGHQ� YRUKHUJHVDJW� ZHUGHQ�� GLH� HQWVFKHLGHQG� DQ� GHU

.DWDO\VH� EHWHLOLJW� VLQG� XQG� ]XP� DQGHUHQ� HUNOlUW��ZLHVR� GLH� %LQGXQJVOlQJHQ� ]ZLVFKHQ�0R�� XQG

GHQ�'LWKLROHQ�/LJDQGHQ�OlQJHU�VLQG�DOV�I�U�0R²6�(LQIDFKELQGXQJHQ�]X�HUZDUWHQ�ZlUH�



'LVNXVVLRQ ��

$EELOGXQJ ��� 9HU]HUUW WHWUDHGULVFKH *HRPHWULH GHU 0R�/LJDQGHQ LQ GHU 0RO\EGlQ�+\GUR[\ODVH�)DPLOLH�
'HU EODX HLQJHIlUEWH 7HWUDHGHU� GHU VHLQ =HQWUXP DQ GHU 3RVLWLRQ GHV 0R KDW� HQWVSULFKW PLW VHLQHQ (FNSXQWHQ
0R2�

���

'LH�%HVFKUHLEXQJ�GHU�*HRPHWULH� LP�ÅHLQ�$WRP�²HLQ�/LJDQG´�0RGHOO� GHU� 6XOILW�2[LGDVH� HUJLEW

HLQH�QlKHUXQJVZHLVH�TXDGUDWLVFK�S\UDPLGDOH�*HRPHWULH� �.LVNHU��6FKLQGHOLQ�HW�DO������� ��1LPPW

PDQ� GDJHJHQ� YLHU� /LJDQGHQ� DQ�� HUJLEW� VLFK� HLQH� YHU]HUUW� WHWUDHGULVFKH� *HRPHWULH� �$EE�����

9HUJOHLFKW�PDQ�GLH�*HRPHWULH�XP�GDV�0R�LP�>&X0R@�&OXVWHU�PLW�GHU�0R�/LJDQGHQJHRPHWULH�LQ

GHU�6XOILW�2[LGDVH�VLQG�NODUH�3DUDOOHOHQ�HUNHQQEDU��$XFK�KLHU�HUJLEW�VLFK�I�U�GLH�GHU�YROXPLQ|VHQ

'LWKLROHQ�*UXSSH� JHJHQ�EHUOLHJHQGHQ� GLUHNW� DQ� GHU� .DWDO\VH� EHWHLOLJWHQ� /LJDQGHQ� �.LVNHU�

6FKLQGHOLQ�HW�DO������� ��+\GUR[R��7KLRODW�&\V��/LJDQG��HLQH�9HUN�U]XQJ�GHV�:LQNHOV�

$EELOGXQJ ��� /LJDQGHQJHRPHWULH GHU 6XOILW 2[LGDVH �.LVNHU� 6FKLQGHOLQ HW DO� ������ $XFK KLHU NDQQ HLQH
YHU]HUUW WHWUDHGULVFKH *HRPHWULH JHIXQGHQ ZHUGHQ� 'LH GHP 'LWKLROHQ�/LJDQGHQ JHJHQ�EHUOLHJHQGHQ /LJDQGHQ



��

�+\GUR[R� �7KLRODW�&\V��/LJDQG� ]HLJHQ ZLH LQ GHU 0R�+\GUR[\ODVH )DPLOLH HLQHQ YHUN�U]WHQ :LQNHO� 'HU EODX
HLQJHIlUEWH 7HWUDHGHU� GHU VHLQ =HQWUXP DQ GHU 3RVLWLRQ GHV 0R KDW� HQWVSULFKW PLW VHLQHQ (FNSXQWHQ 0R2�

���

,QWHUHVVDQW� LVW� LQVEHVRQGHUH�� GD�� GLH� 3RVLWLRQ� GHU� YLHU� /LJDQGHQ� �2[R��+\GUR[R��7KLRODW�

�'LWKLROHQ�/LJDQGHQ��DXFK�GHU�/LJDQGHQ�*HRPHWULH�GHU�&2�'HK\GURJHQDVH�HQWVSULFKW�

/HJW�PDQ�GLH�,QWHUSUHWDWLRQ�GHU�'LWKLROHQ�*UXSSH�DOV�HLQHP�/LJDQGHQ�]XJUXQGH��YHUHLQIDFKW�VLFK

LQEHVRQGHUH� DXFK� GLH�.RRUGLQDWLRQVJHRPHWULH� LQ� GHU� '062�5HGXNWDVH� )DPLOLH� XQG� OHJW� HLQH

YHU]HUUW�WHWUDHGULVFKH�%HVFKUHLEXQJ�QDKH��$EE������)�U�GLH�)RUPLDW�'HK\GURJHQDVH�+�DXV� (��FROL

�%R\LQJWRQ��*ODG\VKHY�HW�DO������� �XQG�GLH�lKQOLFKH�1LWUDW�5HGXNWDVH�DXV� '��GHVXOIXULFDQV� �'LDV�

7KDQ� HW� DO�� ������ ZXUGH� GDEHL� LQ� GHU� R[LGLHUWHQ� )RUP� HLQH� YHU]HUUW� WULJRQDO�SULVPDWLVFKH

*HRPHWULH�EHVFKULHEHQ�

)�U�'062�5HGXNWDVHQ�ZXUGHQ� YHUVFKLHGHQH�*HRPHWULHQ� XQG� XQWHUVFKLHGOLFKH�YLHOH�/LJDQGHQ

EHVFKULHEHQ��$OOHQ�'062�5HGXNWDVH�6WUXNWXUHQ�JHPHLQVDP� LVW� HLQ�6HU�5HVW� DOV�3URWHLQ�/LJDQG

�$EE������)�U�GLH�'062�5HGXNWDVH�DXV� 5��VSKDHURLGHV��6FKLQGHOLQ��.LVNHU�HW�DO������� �ZXUGH�HLQH

YHU]HUUW� WULJRQDO�ELS\UDPLGDOH� *HRPHWULH� JHIXQGHQ� PLW� HLQHU� 2[R�*UXSSH� EHL� /LJDQGLHUXQJ

GXUFK� EHLGH� 'LWKLROHQ�*UXSSHQ�� 'LH� HUVWH� '062�5HGXNWDVH�6WUXNWXU� DXV� 5�� FDSVXODWXV

�6FKQHLGHU�� /|ZH� HW� DO�� ����� � ]HLJW� GDJHJHQ� ]ZHL� 2[R�*UXSSHQ� EHL� /LJDQGLHUXQJ� GXUFK� HLQH

'LWKLROHQ�*UXSSH�PLW�HLQHU�SHQWDNRRUGLQLHUWHQ�TXDGUDWLVFK�S\UDPLGDOHQ�*HRPHWULH��(LQH�]ZHLWH

'062�5HGXNWDVH�6WUXNWXU� DXV� 5�� FDSVXODWXV� �0F$OSLQH�� 0F(ZDQ� HW� DO�� ����� � ZXUGH� DOV

KHSWDNRRUGLQLHUW�EHVFKULHEHQ��ZREHL�]ZHL�2[R�*UXSSHQ�JOHLFK]HLWLJ�PLW�GHQ�EHLGHQ�'LWKLROHQ�

*UXSSHQ�GDV�0R�NRRUGLQLHUHQ�



'LVNXVVLRQ ��

$EELOGXQJ ��� .RRUGLQDWLRQVJHRPHWULH LQ GHU '062�5HGXNWDVH )DPLOLH� :LH DXFK EHL GHQ EHLGHQ DQGHUHQ
0RO\EGRSWHULQ�KDOWLJHQ (Q]\PIDPLOLHQ NDQQ GLH 0R�.RRUGLQDWLRQVJHRPHWULH LQ '062�5HGXNDVWH )DPLOLH DOV
YHU]HUUW WHWUDHGULVFK EHVFKULHEHQ ZHUGHQ� (LQ]LJ GLH '062�5HGXNWDVH 6WUXNWXU YRQ 5� FDSVXODWXV �)��0F$OSLQH�
0F(ZDQ HW DO� ����� SD�W QLFKW LQ GLHVHV %LOG XQG EHUXKW YHUPXWOLFK DXI HLQHU )HKOLQWHUSUHWDWLRQ �/L� 7HPSOH HW DO�
������ � 'HU EODX HLQJHIlUEWH 7HWUDHGHU� GHU VHLQ =HQWUXP DQ GHU 3RVLWLRQ GHV 0R KDW� HQWVSULFKW PLW VHLQHQ
(FNSXQWHQ 0R2�

���

1HXHUH� 8QWHUVXFKXQJHQ� EHL� KRKHQ� $XIO|VXQJHQ� ����� c�� DQ� GHU� '062� 5HGXNWDVH� DXV� 5�

VSDHURLGHV��/L��7HPSOH�HW�DO������� �VSUHFKHQ�I�U�]ZHL�P|JOLFKH�.RRUGLQDWLRQVXPJHEXQJHQ�I�U�GDV

0R�,RQ��(LQ�KH[DNRRUGLQLHUWHV� YHU]HUUWHV� WULJRQDOHV�3ULVPD�JHELOGHW� DXV�GHQ�EHLGHQ�'LWKLROHQ�



��

*UXSSHQ�PLW�HLQHP�2[R�/LJDQGHQ��$EE�����(�� LVW�HEHQVR�P|JOLFK��ZLH�HLQH�SHQWDNRRUGLQLHUWH

TXDGUDWLVFKH�3\UDPLGH�DXV�]ZHL�2[R�/LJDQGHQ�XQG�HLQHU�'LWKLROHQ�*UXSSH��$EE����'���GLH�LP

ZHVHQWOLFKHQ� GHU� '062�5HGXNWDVH� 6WUXNWXU� YRQ� 6FKQHLGHU� �6FKQHLGHU�� /|ZH� HW� DO�� �����

HQWVSULFKW�� %HLGH� *HRPHWULHQ� ODVVHQ� VLFK� HEHQIDOOV� DOWHUQDWLY� DOV� YHU]HUUWH� 7HWUDHGHU

LQWHUSUHWLHUHQ��'LH�'062�5HGXNWDVH�6WUXNWXU� YRQ�0F$OSLQH� �0F$OSLQH��0F(ZDQ�HW� DO�� �����

VFKHLQW� HEHQVR� ZLH� GLH� 5�� VSKDHURLGHV� 6WUXNWXU� DOWHUQDWLYH� =XVWlQGH� LP� DNWLYHQ� =HQWUXP� ]X

EHVLW]HQ��ZREHL�HLQH�VFKZDFK�EHVHW]WH�0R�3RVLWLRQ�DOV�]XVlW]OLFKHU�2[R�/LJDQG�IHKOLQWHUSUHWLHUW

ZXUGH� �/L�� 7HPSOH� HW� DO�� ����� �� =X� GLHVHU� ,QWHUSUHWDWLRQ� SD�W� DXFK�� GD�� GLH� KHSWDNRRUGLQLHUWH

*HRPHWULH�VLFK�DOV�HLQ]LJH�QLFKW�GXUFK�HLQHQ�YHU]HUUWHQ�7HWUDHGHU�EHVFKUHLEHQ� Ol�W� �$EE����)��

'LH� ]XVlW]OLFKH�2[R�*UXSSH� OLHJW� �EHU� HLQHU� GHU�7HWUDHGHUIOlFKHQ� XQG� HQWVSULFKW� GHU� 3RVLWLRQ

GHV�0R�,RQV�LQ�GHU�SHQWDNRRUGLQLHUWHQ�*HRPHWULH��$EE����'��

'LH�.RPSRQHQWHQ�GHV�DNWLYHQ�=HQWUXPV

'DV� DNWLYH�=HQWUXP� GHU�0R�KDOWLJHQ�&2�'HK\GURJHQDVH� YHUHLQLJW�PLW� GHQ� LRQLVFKHQ� )RUPHQ

YRQ�0R��&X�� 6� XQG�2� HLQ� LQWHUHVVDQWHV�(OHPHQWTXDUWHWW�� GDV�ZHLWUHLFKHQGH�0|JOLFKNHLWHQ� ]XU

.DWDO\VH�ELOGHW�

'HP�QHX�HQWGHFNWHQ�&X�NRPPW�GDEHL�HLQH�EHVRQGHUH�5ROOH�]X��GLH�RIIHQVLFKWOLFK�DXFK�GHXWOLFK

YHUVFKLHGHQ� YRQ� GHU� )XQNWLRQ� GHV� (OHPHQWV� LQ� DQGHUHQ� &X� HQWKDOWHQGHQ� 3URWHLQHQ� LVW�� 'LH

6RQGHUUROOH� GHV� &X� LP� >&X0R@�&OXVWHU� LP�%HUHLFK� GHU� ELRDQRUJDQLVFKHQ�&KHPLH� VSLHJHOW� VLFK

VFKRQ�LQ�GHU�*HRPHWULH�VHLQHU�/LJDQGHQ�ZLGHU��2EZRKO�]ZHLIDFK�NRRUGLQLHUWH�&X�,��.RPSOH[H

LQ� /|VXQJ�� DQGHUV� DOV� LQ� )HVWN|USHUQ�� UHFKW� KlXILJ� VLQG� �=XEHUE�KOHU� ������� ZHUGHQ� VLH� LQ

3URWHLQHQ� VHOWHQ� EHREDFKWHW�� %LVODQJ� ZXUGH� QXU� HLQ� ]ZHLIDFK� &\V�NRRUGLQLHUWHV� &X�,��,RQ

HQWGHFNW��ZHOFKHV�LP�&X�EHODGHQHQ�0HWDOORWKLRQHLQ��3'%���$45��DXIWULWW�XQG�NHLQH�NDWDO\WLVFKH

)XQNWLRQ� EHVLW]W�� 6RQVW� ILQGHW� PDQ� &X�,�� PHLVW� LQ� YHU]HUUW� WHWUDHGULVFKHU� .RRUGLQDWLRQ

�0HVVHUVFKPLGW������ �

'D�&X�,��HLQH�JHI�OOWH�G ���6FKDOH�EHVLW]W��IHKOW�LKP�GLH�0|JOLFKNHLW�]XU�/LJDQGHQIHOGVWDELOLVLHUXQJ

VSH]LILVFKHU�.RPSOH[JHRPHWULHQ��'LHV�EHGHXWHW��GD��GLH�6WUXNWXU�YRQ�&X�,��.RPSOH[HQ�IOH[LEHO

VHLQ�NDQQ��(LQH�LQVEHVRQGHUH�I�U�GHQ�5HDNWLRQVPHFKDQLVPXV�GHU�&2�'HK\GURJHQDVH��&2��ZLH

+��2[LGDWLRQ��ZLFKWLJH�(LJHQVFKDIW�YRQ�&X�,��.RPSOH[HQ� LVW�QHEHQ� LKUHU�)OH[LELOLWlW� DXFK� LKUH

/DELOLWlW��'LHVH� /DELOLWlW� EHWULIIW� SULPlU� GDV� KlXILJH� $XIWUHWHQ� YRQ� 6XEVWLWXWLRQVUHDNWLRQHQ� DP

&X�,��,RQ��:HLWHUKLQ� EHVLW]W� &X�,�� JHI�OOWH�2UELWDOH� ]XU�:HFKVHOZLUNXQJ�PLW� π�2UELWDOHQ� HLQHV

/LJDQGHQ�XQG� LQVEHVRQGHUH� LQ�GHU�]ZHLIDFK�NRRUGLQLHUWHQ�)RUP�GLH�0|JOLFKNHLW�]XU�(UK|KXQJ

GHU�.RRUGLQDWLRQV]DKO��'LHV�NDQQ�DXFK�EHL�6XEVWLWXWLRQVUHDNWLRQHQ�DP�&X�,��.RPSOH[��ZLH� I�U

GLH�&2�2[LGDWLRQ� YRUJHVFKODJHQ� �VLHKH� XQWHQ���ZLFKWLJ� VHLQ��ZHQQ� HV� VLFK� XP� HLQH� DVVR]LDWLYH

6XEVWLWXWLRQ�KDQGHOW��'LHVH�(LJHQVFKDIWHQ�PDFKHQ�&X�,��JHHLJQHW�]XU�%LQGXQJ�YRQ�&2�



'LVNXVVLRQ ��

,QWHUHVVDQW�LVW�DXFK�GLH�5HDNWLYLWlW�YRQ�&2�PLW�&X�,��.RPSOH[HQ��'LH�UHYHUVLEOH�)L[LHUXQJ�YRQ

&2� LQ� &X�,��KDOWLJHQ� /|VXQJHQ� ZLUG� VHLW� �EHU� HLQHP� -DKUKXQGHUW� DQJHZHQGHW� �3DVTXDOL� XQG

)ORULDQL��������&X�UHDJLHUW�PLW�&2�QXU�LP�2[LGDWLRQV]XVWDQG���� �0XQDNDWD�XQG�.LWDJDZD������

XQG� DEVRUELHUW� HLQ� &2� 0ROHN�O� SUR� &X�,��,RQ�� ZREHL� GLH� $IILQLWlW� GHV� &X� VWDUN� YRQ� VHLQHQ

ZHLWHUHQ� /LJDQGHQ� DEKlQJW�� 'LH� 6WDELOLWlW� GHU� &DUERQ\O�.RPSOH[H� ZLUG� EHKHUUVFKW� GXUFK� GLH

1DWXU� GHU� %LQGXQJ� GHV�GHU� NRRUGLQLHUHQGHQ� /LJDQGHQ�� GHU� JHRPHWULVFKHQ� 6WUXNWXU� XQG� GHV

XPJHEHQGHQ�0HGLXPV� �0XQDNDWD� XQG�.LWDJDZD� ����� �� 8P� HLQH� UHYHUVLEOH� %LQGXQJ� ]ZLVFKHQ

&2� XQG� &X�,�� ]X� HUKDOWHQ�� VROOWH� LQ� HLQIDFKHQ� .RPSOH[HQ� HLQHU� GHU� /LJDQGHQ� π�ELQGHQGH

(LJHQVFKDIWHQ� KDEHQ�� &X�,��&DUERQ\OH� PLW� UHLQ� σ�ELQGHQGHQ� /LJDQGHQ� ZHUGHQ� GDJHJHQ

HLQJHVHW]W��ZHQQ�VWDELOH�.RPSOH[H�JHZ�QVFKW�ZHUGHQ� �0XQDNDWD�XQG�.LWDJDZD������ ��8P�&2

QXNOHRSKLO�DQJUHLIHQ�]X�N|QQHQ��PXVV�GDV�0ROHN�O�]XYRU�DNWLYLHUW�ZHUGHQ��'LHV�JHVFKLHKW��LQGHP

GLH�%LQGXQJ�YRQ�&2�DQ�&X�,��GHVVHQ�HOHNWURSKLOH�(LJHQVFKDIWHQ�YHUVWlUNW�

:HLWHUKLQ� LVW� I�U� &X�,�� GLH� ([LVWHQ]� VWDELOHU� &X�+� %LQGXQJHQ� FKDUDNWHULVWLVFK� XQG� HV� ZXUGH

YRUJHVFKODJHQ��GD��GLHVH�*UXSSH� DXV�GHU�5HDNWLRQ�&X ����+�� ��!�&X�+���+
�� HQWVWHKHQ� NDQQ

�3DVTXDOL�XQG�)ORULDQL������ �

'LH�(LJHQVFKDIWHQ�GHV�0R�R[R��VXOILGR�.RPSOH[HV�VWHKHQ� LQ�GHQ�PHLVWHQ�(LJHQVFKDIWHQ�&X�,�

JHJHQ�EHU��0R� LVW� I�QIDFK�NRRUGLQLHUW��ZHQQ�PDQ�GHQ�&DUERQ\O�6DXHUVWRII� LQ������c�YRP�0R

QLFKW�EHU�FNVLFKWLJW��XQG�OLHJW�LP�R[LGLHUWHQ�=XVWDQG�GHU�&2�'HK\GURJHQDVH�DOV�G ��0R��9,��YRU�

6XEVWUDWELQGXQJ� XQG� ²XPVHW]XQJ� EHL� 0R�KDOWLJHQ� (Q]\PHQ� VSLHOW� VLFK� ZDKUVFKHLQOLFK� LQ� GHU

HUVWHQ� XQG� ]ZHLWHQ� .RRUGLQDWLRQVVSKlUH� GHV� 0HWDOOV� DE�� REZRKO� HV� DXFK� +LQZHLVH� DXV� GHU

(1'25�6SHNWURVNRSLH� I�U� HLQH� GLUHNWH� 0R�6XEVWUDWLQWHUDNWLRQ� EHL� GHU� ;DQWKLQ�2[LGDVH� JLEW

�+RZHV��%UD\�HW�DO������� � �/RZH��5LFKDUGV�HW� DO�� ����� ��'LH�5ROOH�GHV�0R� LVW�RIIHQVLFKWOLFK�GLH

$NWLYLHUXQJ�GHU�/LJDQGHQ��ZLH�GLH�$XIQDKPH�E]Z��$EJDEH�YRQ�]ZHL�(OHNWURQHQ��1DFKGHP� LP

)DOOH�GHU�0RO\EGlQ�+\GUR[\ODVHQ�]ZHL�YHUVFKLHGHQH�$UWHQ�YRQ�6DXHUVWRII�/LJDQGHQ��2[R²�XQG

+\GUR[R�/LJDQGHQ�� YRUOLHJHQ�� LVW� QLFKW� NODU� ZHOFKHU� GHU� EHLGHQ� /LJDQGHQ� DXI� GDV� 6XEVWUDW

�EHUWUDJHQ� ZLUG� XQG� LQ� YRUJHVFKODJHQHQ�0HFKDQLVPHQ� ILQGHW� PDQ� EHLGH� 9DULDQWHQ�� $XFK� GLH

5ROOH� GHU� 6XOILGR�*UXSSH� LQ� P|JOLFKHQ� 0HFKDQLVPHQ� LVW� QLFKW� NODU�� ,QWHUHVVDQW� LVW�� GD�� LP

R[LGLHUWHQ�=XVWDQG�0R��9,��GLUHNW�DQ�GHQ�UHGX]LHUWHQ�6XOILGR�/LJDQGHQ��6 ����JHEXQGHQ�LVW��'LH

HQHUJHWLVFKH� 1lKH� GHV� 0R��G�� XQG� 6��S�2UELWDOV� �<RXQJ� XQG� :HGG� ����� � HUP|JOLFKW� HLQH

5HGR[FKHPLH� ]ZLVFKHQ� 0HWDOO� XQG� /LJDQG�� LQVEHVRQGHUH� ZHQQ� GDV� R[LGLHUWH� 0R� DXI� GHQ

UHGX]LHUWHQ� 7KLR�/LJDQGHQ� �6 ���� WULIIW�� 'LHVH� QRQ�LQQRFHQW� UROH� GHV� 6FKZHIHO� ZLUG� LQ� 5HDNWLRQHQ

ZLGHUJHVSLHJHOW�� LQ� GHQHQ� HLQ� LQGX]LHUWHU� LQWHUQHU� (OHNWURQHQWUDQVIHU� YRQ� 6 ��� DXI� 0R� GLHVHV

SDUDGR[HUZHLVH� LQ� *HJHQZDUW� YRQ� 2[LGDWLRQVPLWWHOQ� UHGX]LHUHQ� NDQQ� �&R\OH�� +DUPHU� HW� DO�

������� >0R26@��� .RPSOH[H� VLQG� VHOWHQ�� KRFKUHDNWLY� XQG� LKUH� 6\QWKHVH� VFKZLHULJ�� 'LHV� OLHJW



��

RIIHQEDU�DQ�GHU�,QVWDELOLWlW�GLHVHU�9HUELQGXQJHQ� �<RXQJ�XQG�:HGG������ ��.DWDO\WLVFKH�=HQWUHQ�

GLH�GLHVH�.RPSRQHQWHQ�QXW]HQ�KDEHQ�RIIHQVLFKWOLFK�HLQHQ�:HJ�JHIXQGHQ��VLH�]X�VWDELOLVLHUHQ�

'HU�NDWDO\WLVFKH�0HFKDQLVPXV

&2�2[LGDWLRQ

3DUDOOHOHQ� LQ� GHU� FKHPLVFKHQ� 5HDNWLYLWlW� XQG� HOHNWURQLVFKHQ� 6WUXNWXU� ]ZLVFKHQ� ,VRQLWULOHQ� XQG

&2�ODVVHQ�YHUPXWHQ��GD��GHU�=XVWDQG�LQ�GHP�GHU�NRPSHWLWLYH�,QKLELWRU�Q%,&�JHEXQGHQ�LVW��GHP

hEHUJDQJV]XVWDQG�GHU�&2�2[LGDWLRQ�DP�>&X0R@�&OXVWHU�HQWVSULFKW��1LPPW�PDQ�GLH�R[LGLHUWH�

Q%,&�JHEXQGHQH� XQG� &2�UHGX]LHUWH� 6WUXNWXU� ]XVDPPHQ�� HUKlOW� PDQ� (LQEOLFN� LQ� GLH

6FKO�VVHOPRPHQWH�GHU�&2�2[LGDWLRQ��'LH�HUVWH�6WUXNWXU�UHSUlVHQWLHUW�GDEHL�GHQ�$QIDQJ�XQG�GDV

(QGH�HLQHV� MHGHQ�=\NOXV��GLH�]ZHLWH� HLQHQ� LQWHUPHGLlUHQ�=XVWDQG�XQG�GLH�GULWWH�GDV� UHGX]LHUWH

DNWLYH�=HQWUXP�QDFK�3URGXNWELOGXQJ�
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$EELOGXQJ ��� .DWDO\WLVFKHU =\NOXV GHU &2�2[LGDWLRQ� :lKUHQG GLH =XVWlQGH $� &� ' XQG ( GLUHNW EHREDFKWHW
ZXUGHQ� LVW GHU =XVWDQG % �LP .DVWHQ� LQ $QDORJLH ]XP =XVWDQG &� GHU Q%,& JHEXQGHQHQ )RUP� SRVWXOLHUW�

'LH�.DWDO\VH� EHJLQQW�� ZHQQ� GDV� 6XEVWUDW� &2� �EHU� GHQ� K\GURSKREHQ� 6XEVWUDWNDQDO� GDV� DNWLYH

=HQWUXP�HUUHLFKW��'HU�YHUPXWOLFK� HUVWH� 6FKULWW� GHU�.DWDO\VH� LVW� GLH� HQG�RQ�%LQGXQJ� YRQ�&2� DQ

&X�,�� GXUFK�/LJDQGHQVXEVWLWXWLRQ��'LHV� UHVXOWLHUW� LQ� HLQHU� %HZHJXQJ� GHV� &X�ZHJ� YRQ�0R�� GLH

]XP� RIIHQHQ� =XVWDQG� GHV� >&X0R@�&OXVWHUV� I�KUW�� .RQIRUPDWLRQHOOH� bQGHUXQJHQ� GHV� &\V� ���

WUDJHQGHQ�/RRSV�� LQVEHVRQGHUH�YRQ�&\V�����XQG�6HU� �����GLH�GXUFK�GLH�gIIQXQJ� GHV�&OXVWHUV



'LVNXVVLRQ ��

DXVJHO|VW� ZHUGHQ�� ZHUGHQ� �EHU� +�%U�FNHQ� DXI� GDV� KRFKNRQVHUYLHUWH� *OX� ���� �EHUWUDJHQ

�$EE������'LHV�I�KUW�]XU�9HUJU|VVHUXQJ�GHU�'LVWDQ]�]ZLVFKHQ�2 ε��YRQ�*OX�����XQG�0R��ZLH�LQ

GHU�Q%,&�JHEXQGHQHQ�)RUP�EHREDFKWHW��XQG�]XU�6FKZlFKXQJ�GHU�]XYRU�HUIROJWHQ�6WDELOLVLHUXQJ

GHV�KRFKJHODGHQHQ�0R�,RQV�GXUFK�GLH�QDKH�QHJDWLYH�/DGXQJ��7DE�����'LHVH�'HVWDELOLVLHUXQJ��ZLH

GLH�1lKH�GHV�UHGX]LHUWHQ�6XOILGR�/LJDQGHQ��6 ����]X�0R��9,��ODVVHQ�HV�ZDKUVFKHLQOLFK�HUVFKHLQHQ�

GD�� GHU� 6XOILGR�/LJDQG� GXUFK� HLQH� LQWHUQH� (OHNWURQHQ�EHUWUDJXQJ� EHL� GHU� 5HGXNWLRQ� GHV� 0R

�6WLHIHO�������HLQH�HQWVFKHLGHQGH�5ROOH�VSLHOW��'LH�(OHNWURQHQ�EHUWUDJXQJ�ZlUH�GDEHL�GXUFK�GLH

%LQGXQJ�GHV�6XEVWUDW�DQ�&X�,���G�K��GXUFK�GLH�gIIQXQJ�GHV�&OXVWHUV�DXVJHO|VW��'LH�.RRUGLQLHUXQJ

YRQ�&2� DQ�&X�,�� YHUVWlUNW� GLH� (OHNWURSKLOL]LWlW� YRQ�&2� XQG� HUK|KW� VHLQH� 5HDNWLYLWlW�PLW� GHU

QXNOHRSKLOHQ�+\GUR[R�*UXSSH�

'LVWDQ]��0R�6�&\V����� 'LVWDQ]��0R�2ε��*OX�����

2[LGLHUW �����c �����c

5HGX]LHUW �����c �����c

Q%,&�JHEXQGHQ �����c �����c

&1��LQDNWLYLHUW �����c �����c

7DEHOOH �� $EKlQJLJNHLW GHU 6WDELOLVLHUXQJ GHV 0R�=HQWUDOLRQV GXUFK *OX ��� YRP =XVWDQG GHV >&X0R@�
&OXVWHUV� 'HU =XVWDQG GHV &OXVWHUV �RIIHQ�JHVFKORVVHQ� ZLUG GXUFK GHQ $EVWDQG ]ZLVFKHQ GHP 6γ�$WRP YRQ &\V
��� XQG 0R DQJHJHEHQ� ZREHL HLQ NXU]HU $EVWDQG ]ZLVFKHQ EHLGHQ $WRPHQ HLQHP JHVFKORVVHQHQ XQG HLQ ODQJHU
$EVWDQG HLQHP JH|IIQHWHQ &OXVWHU HQWVSULFKW� 'LH &1� LQDNWLYLHUWH )RUP ZXUGH HEHQIDOOV EHU�FNVLFKWLJW� GD VLFK
GXUFK GLH =HUVW|UXQJ GHV &OXVWHUV I�U GHQ &\V ��� WUDJHQGHQ /RRS LP DNWLYHQ =HQWUXP HLQH lKQOLFK UHOD[LHUWH
.RQIRUPDWLRQ HUJLEW ZLH LP Q%,& JHEXQGHQHQ =XVWDQG� 'HXWOLFK LVW GHU (LQIOXVV GHU .RQIRUPDWLRQ GHV &\V
WUDJHQGHQ /RRSV DXI GLH 'LVWDQ] ]ZLVFKHQ 0R XQG 2ε� �*OX ���� HUNHQQEDU�

(LQH� ]XVlW]OLFKH� 7ULHENUDIW� GHU� 5HDNWLRQ� LVW� GLH� (UK|KXQJ� GHU� %LQGXQJVRUGQXQJ� GHU� 2[R�

*UXSSH��'LHVHV�LQ�GHU�ELRDQRUJDQLVFKHQ�/LWHUDWXU�I�U�0R�KDOWLJH�3URWHLQH�NRQWURYHUV�GLVNXWLHUWH

3ULQ]LS��+LOOH�������ZLUG�DOV�VSHFWDWRU�R[R�HIIHFW��5DSSH�XQG�*RGGDUG�,,,������ �EH]HLFKQHW�XQG�JHKW

DXI� GLH� 8QWHUVXFKXQJ� YRQ� 5HDNWLRQHQ� DQ� ELYDOHQWHQ� 2[R�*UXSSHQ� LQ� GHU� 0HWDWKHVH� XQG

(SR[LGLHUXQJ� YRQ� 2OHILQHQ� ]XU�FN�� 'DEHL� ZXUGH� EHREDFKWHW�� GD�� HLQH� ]ZHLWH� VSHFWDWRU� 2[R�

*UXSSH� EHL� &U�.DWDO\VDWRUHQ� I�U� GLH� 0HWDWKHVH� YRQ� $ONHQHQ� GLH� 5HDNWLRQVJHVFKZLQGLJNHLW

GHXWOLFK� HUK|KW�� 7KHRUHWLVFKH� DE� LQLWLR� 6WXGLHQ� I�U� &U�� XQG�0R�.RPSOH[H� OHJHQ� QDKH�� GD�� GLH

3UlVHQ]�GHV�VSHFWDWRU�R[R�/LJDQGHQ�GLH�$XVELOGXQJ�GHV�NDWDO\WLVFKHQ�0HWDOOR]\NOXV�YRUDQWUHLEW�XQG

GDEHL� HLQH�HQWVFKHLGHQGH�5ROOH� LQ�GHU�.DWDO\VH� VSLHOW��'LH� ]XVlW]OLFKH�(QHUJLH�� GLH� VLFK� DXV�GHU

$XVELOGXQJ�GHU�2[R�'UHLIDFKELQGXQJ�HUJLEW��NDQQ�I�U�'LR[R�0RO\EGlQ�.RPSOH[H�PHKU�DOV����

N-PRO��� EHWUDJHQ�� ZHQQ� GLH� .RRUGLQDWLRQVVSKlUH� GXUFK� LRQLVFKH� *UXSSHQ� GRPLQLHUW� ZLUG

�5DSSH� XQG�*RGGDUG� ,,,� ����� �� 'DV� 9RUKHUUVFKHQ� YRQ� 6FKZHIHO�/LJDQGHQ� LP� )DOOH� GHU� &2�



��

'HK\GURJHQDVH� VROOWH� DOOHUGLQJV� ]X� HLQHP�PHKU� LRQLVFKHQ�&KDUDNWHU� GHU� 2[R�*UXSSH� I�KUHQ�

ZRGXUFK�GHU�VSHFWDWRU�R[R�(IIHNW�DEJHVFKZlFKW�Z�UGH� �+LOOH�������

'LH�GXUFK�GLHVH� ]XVlW]OLFKH�%LQGXQJ� IUHLJHVHW]WH�(QHUJLH� I�KUW� ]X� HLQHU�ZHLWHUHQ� 6WDELOLVLHUXQJ

GHV�EHREDFKWHWHQ�hEHUJDQJV]XVWDQGHV��LQ�GHP�&2�ZDKUVFKHLQOLFK�FLV� µ�����JHEXQGHQ�]ZLVFKHQ

&X��XQG�GHP�6XOILGR�/LJDQGHQ�YRUOLHJW��$EE����%���'LH�HEHQIDOOV�EHREDFKWHWH�)OH[LELOLWlW�LQ�GHQ

%LQGXQJVOlQJHQ� ]ZLVFKHQ�0R�� XQG� GHU� 'LWKLROHQ�*UXSSH� NDQQ� bQGHUXQJHQ� DQ� DQGHUHQ� 0R�

/LJDQGHQ�NRPSHQVLHUHQ�

1DFK� $XVELOGXQJ� GHV� hEHUJDQJV]XVWDQGHV� VLQG� ZDKUVFKHLQOLFK� GLH� ZHLWHUHQ� 5HDNWLRQHQ

EHVWLPPW�GXUFK�GLH�6WDELOLWlW�GHU�HQWVWHKHQGHQ�3URGXNWH�XQG�GHU�$EODXI�GHU�8PVHW]XQJHQ�GHU

&2��XQG�Q%,&�JHEXQGHQHQ�=ZLVFKHQSURGXNWHQ�LVW�GHXWOLFK�XQWHUVFKLHGHQ��'LHV�N|QQWH�DXFK�GLH

,QKLELWLRQ�GXUFK�Q%,&��/��*UHPHU��XQYHU|IIHQWOLFKWH�(UJHEQLVVH��HUNOlUHQ�

3URGXNWELOGXQJ� XQG� ²IUHLVHW]XQJ� WUHWHQ� ZDKUVFKHLQOLFK� ]XVDPPHQ� PLW� GHU� 6FKOLH�XQJ� GHV

&OXVWHUV� XQG� GHP� (UVDW]� GHV� HLQJHEDXWHQ� +\GUR[R�/LJDQGHQ� GXUFK� :DVVHU� DXI�� 'LH

%LQGXQJVOlQJH�]ZLVFKHQ�0R�XQG�GHP�QHXHQ�/LJDQGHQ�LVW�GHXWOLFK�N�U]HU�DOV�I�U�HLQHQ�:DVVHU�

/LJDQGHQ� ]X� HUZDUWHQ� ZlUH� XQG� HLQH� HUVWH� 'HSURWRQLHUXQJ� GHV� VDXUHQ� 0HWDOO�JHEXQGHQHQ

:DVVHU�0ROHN�OV� �+LOOH��5HWH\� HW� DO�� ����� �� XQWHU� GHU�P|JOLFKHQ�0LWZLUNXQJ� YRQ�*OX� ����� ]XU

$XVELOGXQJ�GHV�+\GUR[R�/LJDQGHQ�KDW�ZDKUVFKHLQOLFK�EHUHLWV�VWDWWJHIXQGHQ�

(LQ�HQWVFKHLGHQGHV�&KDUDNWHULVWLNXP�GLHVHV�5HDNWLRQVPHFKDQLVPXV�LVW��GD��GLH�(OHNWURQHQ�GXUFK

GLH�0R�UHGX]LHUW�ZLUG��QXU�LQGLUHNW�DXV�GHP�6XEVWUDW�NRPPHQ��9LHOPHKU�O|VW�GLH�6XEVWUDWELQGXQJ

HLQH�.HWWH�YRQ�5HDNWLRQHQ�DXV��GLH�]XU�5HGXNWLRQ�YRQ�0R�I�KUHQ�

)ROJHQGH� *UDILN� ID�W� GLH� HQWVFKHLGHQGHQ� 6FKULWWH� GHV� HQWZRUIHQHQ� 5HDNWLRQVPHFKDQLVPXV

]XVDPPHQ�
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* Elektrophile Aktivierung des
C von CO

* Reduktion des Mo

* entspr. NBIC gebundenem
Zustand

2.36

2.31

1.67

2.00

2.36 1.73

1.32

1.27
1.78

2.04

3.05

3.13

3.43

* Distanz Änderung zwischen 
gamma S C388 über S389
über H-Brücke auf Oe1 E763
weitergegeben.
-> Konf. Änderung an Carboxyl-
Kopf 

* CN inaktivierte Form, als 
Bsp.für den relaxierten Zustand
des Kofaktors hat eine Mo-O
Distanz von 3.50 Angs.

* die nahe gelegene negative
Ladung stabilisiert Mo(+VI) im
geschlossenen Zustand

* die Vergrösserung der O-Mo
Distanz im offenen Zustand 
führt zur Destabiliserung
von Mo(+VI) und löst die Reduktion
aus.

A

Closed [CuMo] 
State

Open [CuMo]
State

3.75

* Ausbildung des Metallocyclus
am Mo wird durch den
"spectator oxo" Liganden erleichtert,
der eine Dreifachbdg. ausbildet

* Theoret.Bdgslängen
S-C: 1.81; S=C: 1.61
C-O: 1.51; C=O: 1.27
CN: entspr. CO
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* Produktabspaltung
und Freisetzung

* als Teil einer Liganden-
substitution am Mo

2.43 2.05

2.31 2.20

2.21
3.93

2.37

1.76

2.75

3.32

B

Half-Close [CuMo]
State

* Deprotonierung des aciden
Wassers

$EELOGXQJ ��� +\SRWKHWLVFKHU 5HDNWLRQVPHFKDQLVPXV I�U GLH 2[LGDWLRQ YRQ &2� %HREDFKWHWH 6WUXNWXUHQ
VLQG LQ URW HLQJHIlUEW� 'LH I�U LVROLHUWH &X�&2 .RPSOH[H XQJHZ|KQOLFKH 2ULHQWLHUXQJ GHV &2 DP &X LVW HLQH
P|JOLFKH $OWHUQDWLYH ]XU KlXILJ JHIXQGHQHQ %LQGXQJ �EHU GDV &�$WRP GHV &2 �3DVTXDOL XQG )ORULDQL ������ 'LH
$XVULFKWXQJ GHV VFKZDFKHQ 'LSROV GHV &2 0ROHN�OV N|QQWH GXUFK GLH DQLVRWURS DEJHVFKLUPWH /DGXQJ GHV
0R��9,��,RQV EHZLUNW ZHUGHQ� 2E DOOHUGLQJV &2 DP DNWLYHQ =HQWUXP ]XHUVW GHQ µ�6XOILGR /LJDQGHQ RGHU &X�,�
DQJUHLIW� RGHU LQ GLH &X�µ6 %LQGXQJ LQVHUWLHUW� VFKHLQW RKQH ZHLWHUH 8QWHUVXFKXQJHQ QLFKW HQWVFKHLGEDU�

+��2[LGDWLRQ

'LH� +��R[LGLHUHQGH� $NWLYLWlW� GHU� &2�'HK\GURJHQDVH� EHWUlJW� FD�� ��� ELV� ��� �� GHU� &2�

R[LGLHUHQGHQ�$NWLYLWlW�XQG�REZRKO�VLH�ZDKUVFKHLQOLFK�NHLQH�SK\VLRORJLVFKH�%HGHXWXQJ�KDW��GD� 2�

FDUER[LGRYRUDQV� ]XU� +��2[LGDWLRQ� HLQH� VSH]LILVFKH� PHPEUDQJHEXQGHQH� >1L)H@�$XIQDKPH�

+\GURJHQDVH� EHVLW]W� �6DQWLDJR� XQG�0H\HU� ����� �� LVW� GDV� 9HUVWlQGQLV� GHU� 5HDNWLRQ� VRZRKO� LP

+LQEOLFN� DXI� GLH� &2�2[LGDWLRQ� GHU� &2�'HK\GURJHQDVH�� ZLH� DXFK� I�U� +\GURJHQDVHQ� LP

DOOJHPHLQHQ�LQWHUHVVDQW�

'LH�,QDNWLYLHUXQJ�GHU�&2�R[LGLHUHQGHQ�$NWLYLWlW�GHU�&2�'HK\GURJHQDVH�UHVXOWLHUW�HEHQIDOOV� LP

9HUOXVW�GHU�+\GURJHQDVH�$NWLYLWlW�XQG�GLH�KHWHURO\WLVFKH�6SDOWXQJ�YRQ�+ ��YHUODQJW�RIIHQVLFKWOLFK

GLH�JOHLFKHQ�%HVWDQGWHLOH�GHV�DNWLYHQ�=HQWUXPV��GLH�DXFK�]XU�&2�2[LGDWLRQ�EHQ|WLJW�ZHUGHQ��'D

NULVWDOORJUDSKLVFKH� 6WXGLHQ� ]XU� + ��%LQGXQJ� QXU� LQGLUHNWH� +LQZHLVH� OLHIHUQ� N|QQHQ�� PX�� HLQ

SODXVLEOHU�0HFKDQLVPXV�I�U�GLH�+ ��2[LGDWLRQ�DXI�GLH�5HDNWLRQVP|JOLFKNHLWHQ�GHV�6XEVWUDWV�PLW

GHP� >&X0R@�&OXVWHU�� VRZLH� GLH� 3DUDOOHOHQ� ]XU�&2�2[LGDWLRQ� DEKHEHQ��&X�,��6DO]H� N|QQHQ� GLH

KHWHURO\WLVFKH� 6SDOWXQJ� YRQ�+ �� NDWDO\VLHUHQ�� ZREHL� GDV� +\GULG�,RQ� DP� &X�,�� JHEXQGHQ� EOHLEW



��

�3DVTXDOL�XQG�)ORULDQL������ ��$QJHQRPPHQ��GD��GHU�:HFKVHO�]ZLVFKHQ� RSHQ� VWDWH�XQG� FORVHG� VWDWH

GHV�>&X0R@�&OXVWHUV�DXFK�GLH�WUHLEHQGH�.UDIW�GHU�+ ��2[LGDWLRQ�LVW��Ol�W�VLFK�IROJHQGHV�6]HQDULR

GHQNHQ�
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O
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O
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$EELOGXQJ ��� +\SRWKHWLVFKHU 5HDNWLRQVPHFKDQLVPXV I�U GLH KHWHURO\WLVFKH +��6SDOWXQJ XQG �2[LGDWLRQ�
'HU 0HFKDQLVPXV EDVLHUW DXI GHU 3DUDOOHOH ]XU &2�2[LGDWLRQ� VRZLH GHU 9HUPHVVXQJ GHU +��UHGX]LHUWHQ &2�
'HK\GURJHQDVH�

:HQQ�GDV�+\GULG�,RQ�GHQ� µ�6XOILGR�/LJDQGHQ�DP�&X�,��VXEVWLWXLHUW��XQG�GDPLW�GHQ� RSHQ�VWDWH�GHV

&OXVWHUV� HU]HXJW�� ILQGHW� GXUFK� GLH� 'HVWDELOLVLHUXQJ� GLH� 5HGXNWLRQ� GHV� 0R� VWDWW� XQG� GDV� HUVWH

3URWRQ�ZLUG�DEJHVSDOWHQ��'DV�]ZHLWH�3URWRQ�ZLUG�IUHLJHVHW]W��ZHQQ�GLH�%LQGXQJ�]ZLVFKHQ�&X�XQG

GHP�6XOILGR�/LJDQGHQ�VLFK�ZLHGHU�ELOGHW�XQG�GDGXUFK�GDV�PLW�+ ��UHGX]LHUWH�DNWLYH�=HQWUXP��ZLH

EHREDFKWHW��OLHIHUW�

,QWHUHVVDQW� I�U� GDV� 9HUVWlQGQLV� GHU� NDWDO\WLVFKHQ�0HFKDQLVPHQ� YRQ� &2�'HK\GURJHQDVHQ� XQG

+\GURJHQDVHQ�LVW�GLH�7DWVDFKH��GD��VRZRKO�GLH�1L��DOV�DXFK�GLH�0R�KDOWLJH�&2�'HK\GURJHQDVHQ

+�� R[LGLHUHQ� N|QQHQ�� +\GURJHQDVHQ�� )H�RQO\� ZLH� >1L)H@�+\GURJHQDVHQ�� ]HLJHQ� GDJHJHQ� HLQH

NRPSHWLWLYH�+HPPXQJ�LQ�*HJHQZDUW�YRQ�&2��'LHV�Ol�W�YHUPXWHQ��GD��GLH�,QWHUDNWLRQHQ�YRQ�+ �

XQG�&2�PLW�GHQ�MHZHLOLJHQ�0HWDOO]HQWUHQ�lKQOLFK�LVW��:lKUHQG�0R�KDOWLJH�&2�'HK\GURJHQDVHQ

MHGRFK� HLQH� ]XVlW]OLFKH� QXNOHRSKLOH� +\GUR[R�*UXSSH� LQ� LKUHP� DNWLYHQ� =HQWUXP� WUDJHQ� XQG

GDPLW� &2� R[LGLHUHQ� N|QQHQ�� ZLUG� &2�� ZR� GLHVH� *UXSSH� IHKOW�� ]ZDU� DNWLYLHUW� DEHU� QLFKW



'LVNXVVLRQ ��

XPJHVHW]W�� (V� EOHLEW� ]X� EHPHUNHQ�� GD�� +\GURJHQDVHQ� LP� *HJHQVDW]� ]X� 0R�KDOWLJHQ� &2�

'HK\GURJHQDVHQ� GLH� 8PVHW]XQJ� YRQ� + �� LQ� EHLGHQ� 5LFKWXQJHQ� NDWDO\VLHUHQ� N|QQHQ� �*DUFLQ�

0RQWHW� HW� DO�� ������ XQG� K|KHUH� VSH]LILVFKH� $NWLYLWlWHQ� DOV� &2�'HK\GURJHQDVHQ� I�U� GLH� + ��

2[LGDWLRQ�DXIZHLVHQ�

>&X0R@�KDOWLJH�&2�'HK\GURJHQDVH�DOV�GLH�VSlWH�ELRORJLVFKH�$OWHUQDWLYH

%LRORJLVFKH�.DWDO\VDWRUHQ� GHU�&2�2[LGDWLRQ� N|QQHQ�QDFK� GHQ�0HWDOOHQ� LKUHU� DNWLYHQ�=HQWUHQ

ZLH� LKUHU�6WDELOLWlW�JHJHQ�EHU�6DXHUVWRII� LQ�]ZHL�JURVVH�.ODVVHQ�HLQJHWHLOW�ZHUGHQ��GLH�]ZLVFKHQ

GHQ�0R��XQG�1L�KDOWLJHQ�(Q]\PHQ�XQWHUVFKHLGHQ��(LQ�]XVlW]OLFKHU�8QWHUVFKLHG�GLHVHU�*UXSSHQ

ZLUG� LP� 9HUJOHLFK� GHU� HYROXWLRQlUHQ� 3HULRGHQ� RIIHQEDU�� LQ� GHQHQ� GLH� YHUZHQGHWHQ� 0HWDOOH

ELRYHUI�JEDU�ZXUGHQ�

1L� XQG� )H� ZDUHQ� EHUHLWV� LQ� GHU� IU�KHQ� DQR[LVFK�UHGX]LHUHQGHQ� $WPRVSKlUH� YHUI�JEDU� XQG

2UJDQLVPHQ�� GLH� GLH� 1L�)H�&2�'HK\GURJHQDVH� QXW]HQ� VLQG� XQWHU� HLQHP� HYROXWLRQlUHQ

%OLFNZLQNHO�XUVSU�QJOLFK�

&X�KDOWLJH� 3URWHLQH� VLQG� GDJHJHQ� HUVW� VSlW� HQWVWDQGHQ�� 0LW� GHP� $XINRPPHQ� GHU� R[\JHQHQ

3KRWRV\QWKHVH�YHUlQGHUWH�VLFK�GLH�$WPRVSKlUH�GHU�(UGH�ODQJVDP�XQG�ZHFKVHOWH�LKUHQ�&KDUDNWHU

YRQ� UHGX]LHUHQG� ]X� R[LGLHUHQG�� :lKUHQG� GHU� HQWVWHKHQGH� R[LGDWLYH� 6WUHVV� HLQHUVHLWV

ZDKUVFKHLQOLFK�]X�HLQHU�IU�KHQ�ELRORJLVFKHQ�.DWDVWURSKH�I�KUWH��ZXUGHQ�DQGHUHUVHLWV�0HWDOOH�ZLH

.XSIHU� ELRYHUI�JEDU�� :lKUHQG� GDV� 0HWDOO� XQWHU� GHQ� UHGX]LHUHQGHQ�� 6XOILG�KDOWLJHQ� IU�KHQ

%HGLQJXQJHQ� DOV� VFKZHUO|VOLFKHV�&X�,��VXOILG� YRUODJ��ZXUGH� HV�QXQ� ]XP�JXW� O|VOLFKHQ�&X ���,RQ

R[LGLHUW�� 'DV� 5HVXOWDW� GLHVHU� 9HUlQGHUXQJ� ZDU� GLH� (QWZLFNOXQJ� YRQ� .XSIHUSURWHLQHQ� XQG� �

HQ]\PHQ�LQ�GHQHQ�6DXHUVWRII�HQWZHGHU�DOV�6XEVWUDW�RGHU�(OHNWURQHQDN]HSWRU�GLHQWH�

,Q� GHQ� ]ZHL� *UXQGW\SHQ� YRQ� &2�'HK\GURJHQDVHQ�� GHQ� &X�0R�KDOWLJHQ� YHUVXV� GHQ� 1L�)H�

KDOWLJHQ��EHREDFKWHQ�ZLU�]ZHL�ELRORJLVFKH�/|VXQJHQ�]X�HLQHP�lKQOLFKHQ�3UREOHP��GHU�2[LGDWLRQ

YRQ�&2�PLW�:DVVHU�]XU�*HQHULHUXQJ�YRQ�]ZHL�(OHNWURQHQ�XQG�]ZHL�3URWRQHQ��%HLGH�6\VWHPH

VLQG�ZDKUVFKHLQOLFK�FKDUDNWHULVWLVFK�I�U�GLH�%HG�UIQLVVH�ZLH�GLH�0|JOLFKNHLWHQ�GHU�HYROXWLRQlUHQ

3HULRGHQ��LQ�GHQHQ�VLH�VLFK�HQWZLFNHOWHQ�



��

� /LWHUDWXUYHU]HLFKQLV

$EUDKDPV�� -�� 3�� XQG� 5�� $�� *�� 'H� *UDDII� �������� ´1HZ� GHYHORSPHQWV� LQ� SKDVH� UHILQHPHQW�µ
&XUUHQW�2SLQLRQ�LQ�6WUXFWXUDO�%LRO� ������������

$FKLP��&���0��3��*ROLQHOOL��HW�DO����������´0|VVEDXHU�6WXG\�RI�&\V��6HU�0XWDQW��)H�)HUUHGR[LQ
IURP�&ORVWULGLXP�3DVWHXULDQXP��(YLGHQFH�IRU�'RXEOH�([FKDQJH�LQ�DQ�>)H�6�@��&OXVWHU�µ� -��$P�
&KHP��6RF�����������������

%DUDWD�� %�� $�� 6��� -�� /H*DOO�� HW� DO�� �������� ´$OGHK\GH�2[LGRUHGXFWDVH� $FWLYLW\� LQ� 'HVXOIRYLEULR
JLJDV��,Q�9LWUR�5HFRQVWLWXWLRQ�RI�DQ�(OHFWURQ�7UDQVIHU�&KDLQ�IURP�$OGHK\GHV�WR�WKH�3URGXFWLRQ
RI�0ROHFXODU�+\GURJHQ�µ� %LRFKHP������������������

%HLQHUW��+����������´,URQ�6XOIXU�SURWHLQV��DQFLHQW�VWUXFWXUHV��VWLOO�IXOO�RI�VXUSULVHV�µ� -%,&���������

%HQVRQ��7��(���&��7��:DOVK��HW�DO����������´7KH�VWUXFWXUH�RI�WKH�VXEVWUDWH�IUHH�IRUP�RI�0XU%��DQ
HVVHQWLDO�HQ]\PH�IRU�WKH�V\QWKHVLV�RI�EDFWHULDO�FHOO�ZDOOV�µ� 6WUXFWXUH�������������

%HUQVWHLQ�� %�� (�� XQG�:�� *�� -�� +RO� �������� ´3URELQJ� WKH� OLPLWV� RI� WKH� PROHFXODU� UHSODFHPHQW
PHWKRG��WKH�&DVH�RI�7U\SDQRVRPD�EUXFHL�3KRVSKRJO\FHUDWH�.LQDVH�µ� $FWD�&U\VW�'�������������

%LDQ�� 6�� XQG� -�� $�� &RZDQ� �������� ´3URWHLQ�ERXQG� LURQ�VXOIXU� FHQWHUV�� )RUP�� IXQFWLRQ�� XQG
DVVHPEO\�µ�&RRUG��&KHP��5HY� ����������������

%OXQGHOO��7��/��XQG�/��1��-RKQVRQ��������� 3URWHLQ�&U\VWDOORJUDSK\ ��/RQGRQ��$FDGHPLF�3UHVV�

%RQDP��'�� XQG� 3��:�� /XGGHQ� �������� ´3XULILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� FDUERQ�PRQR[LGH
GHK\GURJHQDVH��D�QLFNHO��]LQF��LURQ�VXOIXU�SURWHLQ��IURP�5KRGRVSLULOOXP�UXEUXP�µ� -��%LRO��&KHP�
���������������

%R\LQJWRQ��-��&���9��1��*ODG\VKHY��HW�DO����������´&U\VWDO�VWUXFWXUH�RI�IRUPDWH�GHK\GURJHQDVH�+�
FDWDO\VLV�LQYROYLQJ�0R��PRO\EGRSWHULQ��VHOHQRF\VWHLQH��DQG�DQ�)H�6��FOXVWHU�µ� 6FLHQFH�����������
�������

%UD\�� 5�� &�� �������� 0RO\EGHQXP� LURQ�VXOIXU� IODYLQ� K\GUR[\ODVHV� DQG� UHODWHG� HQ]\PHV�� 7KH
HQ]\PHV��%R\HU��1HZ�<RUN��$FDGHPLF�3UHVV ����������

%UD\�� 5�� &���*��1��*HRUJH�� HW� DO�� �������� ´6WXGLHV� E\� H�S�U�� VSHFWURVFRS\� RI� FDUERQ�PRQR[LGH
R[LGDVHV� IURP� 3VHXGRPRQDV� FDUER[\GRYRUDQV� XQG� 3VHXGRPRQDV� FDUER[\GRK\GURJHQD�µ
%LRFKHP��-�����������������

%U�QJHU��$��7�� �������� ´)UHH�5� YDOXH�� D� QRYHO� VWDWLVWLFDO� TXDQWLW\� IRU� DVVHVVLQJ� WKH� DFFXUDF\� RI
FU\VWDO�VWUXFWXUHV�µ�1DWXUH��������������

%U�QJHU�� $�� 7�� �������� ;�3/25� 9HUVLRQ� ����� $� 6\VWHP� IRU� &U\VWDOORJUDSK\� XQG� 105 �� 1HZ
+DYHQ��&7��<DOH�8QLYHUVLW\�3UHVV�

%U�QJHU��$��7�� ��������´$VVHVVPHQW�RI�3KDVH�$FFXUDF\�E\�&URVV�9DOLGDWLRQ�� WKH�)UHH�5�9DOXH�
0HWKRGV�XQG�$SSOLFDWLRQV�µ� $FWD�&U\VW��'�����������



/LWHUDWXUYHU]HLFKQLV ��

%U�QJHU��$��7���3��'��$GDPV��HW�DO����������´&U\VWDOORJUDSK\�DQG�105�V\VWHP��$�QHZ�VRIWZDUH
VXLWH�IRU�PDFURPROHFXODU�VWUXFWXUH�GHWHUPLQDWLRQ�µ� $FWD�&U\VW��'����������������

%XHUJHU��0��-����������.ULVWDOORJUDSKLH��%HUOLQ��'H�*UX\WHU�

%XUJHVV��%��.��XQG�'�� -��/RZH���������´0HFKDQLVP�RI�PRO\EGHQXP�QLWURJHQDVH�µ� &KHP��5HY�
�����������

&KDQ��0��.���6��0XNXQG��HW�DO����������´6WUXFWXUH�RI�D�K\SHUWKHUPRSKLOLF�WXQJVWRSWHULQ�HQ]\PH�
DOGHK\GH�IHUUHGR[LQ�R[LGRUHGXFWDVH�µ� 6FLHQFH�������������������

&KDSPDQ��0��6��XQG�(��%ODQF���������´3RWHQWLDO�XVH�RI�UHDO�VSDFH�UHILQHPHQW�LQ�SURWHLQ�VWUXFWXUH
GHWHUPLQDWLRQ�µ�$FWD�&U\VW��'�������������

&ROODERUDWLYH� &RPSXWDWLRQDO� 3URMHFW� 1R�� �� �������� ´7KH� &&3�� 6XLWH�� 3URJUDPV� IRU� SURWHLQ
FU\VWDOORJUDSK\�µ�$FWD�&U\VW��'����������������

&RQVWDQWLQH�� .�� /��� /�� 0XHOOHU�� HW� DO�� �������� ´&KDUDFWHUL]DWLRQ� RI� 1$'3�� ELQGLQJ� WR
SHUGHXWHUDWHG� 0XU%�� EDFNERQH� DWRP� 105� DVVLJQPHQWV� DQG� FKHPLFDO�VKLIW� FKDQJHV�µ� -�� 0RO�
%LRO������������������

&RXJKODQ��0��3���-��/��-RKQVRQ��HW�DO����������´0HFKDQLVP�RI�LQDFWLYDWLRQ�RI�PRO\EGRHQ]\PHV�E\
F\DQLGH�µ�-��%LRO��&KHP����������������

&RZWDQ�� .�� XQG� 3�� 0DLQ� �������� ´0LVFHOODQHRXV� $OJRULWKPV� IRU� 'HQVLW\� 0RGLILFDWLRQ�µ� $FWD
&U\VW��'�������������

&RZWDQ�� .�� '�� XQG� 3�� 0DLQ� �������� ´3KDVH� &RPELQDWLRQ� DQG� &URVV� 9DOLGDWLRQ� LQ� ,WHUDWHG
'HQVLW\�0RGLILFDWLRQ�&DOFXODWLRQV�µ� $FWD�&U\VW��'�����������

&R\OH��&��/���0��$��+DUPHU��HW�DO���������� ,QRUJ��&KHP���������

&UXLFNVKDQN��'��:�� -�� �������� ´5HPDUNV� DERXW� SURWHLQ� VWUXFWXUH� SUHFLVLRQ�µ� $FWD�&U\VW��'� ���
��������

&\SLRQND�� +�� XQG� 2�� 0H\HU� �������� ´&DUERQ� PRQR[LGH�LQVHQVLWLYH� UHVSLUDWRU\� FKDLQ� RI
3VHXGRPRQDV�FDUER[\GRYRUDQV�µ� -��%DFW������������������

GD� 6LOYD�� )�� -�� -�� 5�� XQG� 5�� -�� 3��:LOOLDPV� �������� 7KH� %LRORJLFDO� &KHPLVWU\� RI� (OHPHQWV�� WKH
,QRUJDQLF�&KHPLVWU\�RI�/LIH� �2[IRUG��&ODUHGRQ�3UHVV�

'DXWHU��=����������´'DWD�FROOHFWLRQ�VWUDWHJLHV�µ� $FWD�&U\VW��'�����������

'H/DQR��:��/��XQG�$��7��%U�QJHU���������´7KH�'LUHFW�5RWDWLRQ�)XQFWLRQ��5RWDWLRQDO�3DWWHUVRQ
&RUUHODWLRQ�6HDUFK�$SSOLHG�WR�0ROHFXODU�5HSODFHPHQW�µ� $FWD�&U\VW��'�������������

'LDV��-��0���0��(��7KDQ��HW�DO����������´&U\VWDO�VWUXFWXUH�RI�WKH�ILUVW�GLVVLPLODWRU\�QLWUDWH�UHGXFWDVH
DW�����$�VROYHG�E\�0$'�PHWKRGV�µ� 6WUXFWXUH�)ROG��	�'HVLJQ �������������

'REEHN��+���/��*UHPHU��HW�DO����������´&U\VWDO�VWUXFWXUH�DQG�PHFKDQLVP�RI�&2�'HK\GURJHQDVH��D
PRO\EGR�LURQ�VXOIXU�IODYRSURWHLQ�FRQWDLQLQJ�6�VHODQ\OF\VWHLQH�µ� 3URF��1DW��$FDG��6F��86$ ��������
�������



��

'RV�6DQWRV��-��3���&��,REEL�1LYRO��HW�DO����������´0ROHFXODU�DQDO\VLV�RI�WKH�WULPHWK\ODPLQH�1�R[LGH
�70$2��UHGXFWDVH�UHVSLUDWRU\�V\VWHP�IURP�D�6KHZDQHOOD�VSHFLHV�µ� -��0RO��%LRO�����������������

'R\OH��:��$���-��)��%XUNH��HW�DO����������´3URSHUWLHV�RI�[DQWKLQH�GHK\GURJHQDVH�YDULDQWV�IURP�URV\
PXWDQW� VWUDLQV� RI� 'URVRSKLOD� PHODQRJDVWHU� DQG� WKHLU� UHOHYDQFH� WR� WKH� HQ]\PH
V� VWUXFWXUH� DQG
PHFKDQLVP�µ�(XU��-��%LRFK�����������������

'UHQWK��-����������3ULQFLSOHV�RI�;�UD\�&U\VWDOORJUDSK\ ��1HZ�<RUN��86$��6SULQJHU�9HUODJ�

'XJDG��/��%���*��1��/D�0DU��HW�DO�� ��������´,QGHQWLILFDWLRQ�RI�/RFDOL]HG�5HGR[�6WDWHV� LQ�3ODQW�
7\SH�7ZR�,URQ�)HUUHGR[LQV�8VLQJ�WKH�1XFOHDU�2YHUKDXVHU�(IIHFW�µ� %LRFKHP����������������

(QJK�� 5�� $�� XQG� 5�� +XEHU� �������� ´$FFXUDWH� ERQG� DQG� DQJOH� SDUDPHWHUV� IRU� ;�UD\� SURWHLQ
VWUXFWXUH�UHILQHPHQW�µ�$FWD�&U\VW��'���������������

(UPOHU��8���:��*UDEDUVH��HW�DO����������´&U\VWDO�6WUXFWXUH�RI�0HWK\O�&RHQ]\PH�0�5HGXFWDVH��7KH
.H\�(Q]\PH�RI�%LRORJLFDO�0HWKDQH�)RUPDWLRQ�µ� 6FLHQFH����������������

(UPOHU��8���:��*UDEDUVH��HW�DO�����������$FWLYH�VLWH�RI�WUDQVLWLRQ�PHWDO�HQ]\PHV�ZLWK�D�IRFXV�RQ
QLFNHO���&XUU��2S��6WUXFW��%LRO� ������������

)DUPHU��%��7����QG��.��/��&RQVWDQWLQH��HW�DO����������´/RFDOL]LQJ�WKH�1$'3��ELQGLQJ�VLWH�RQ�WKH
0XU%�HQ]\PH�E\�105�>OHWWHU@�µ� 1DW��6WUXFW��%LRO� ��������������

)HUU\��-��*����������´&2�'HK\GURJHQDVH�µ� $QQ��5HY��0LFURELRO� ������������

)UDDLMH�� 0��:���:�� -�� +�� YDQ� %HUNHO�� HW� DO�� �������� ´$� QRYHO� R[LGRUHGXFWDVH� IDPLO\� VKDULQJ� D
FRQVHUYHG�)$'�ELQGLQJ�GRPDLQ�µ� 7UHQGV�%LRFKHP��6FL� �������������

*DUFLQ�� (��� <�� 0RQWHW�� HW� DO�� �������� ´6WUXFWXUDO� EDVHV� IRU� WKH� FDWDO\WLF� PHFKDQLVP� RI� >1L)H@
K\GURJHQDVHV�µ�%LRFKHP��6RF��7UDQV� ����������������

*DUFLQ��(���;��9HUQHGH��HW�DO�� ��������´7KH�FU\VWDO�VWUXFWXUH�RI�D�UHGXFHG�>1L)H6H@�K\GURJHQDVH
SURYLGHV�DQ�LPDJH�RI�WKH�DFWLYDWHG�FDWDO\WLF�FHQWHU�µ� 6WUXFWXUH�)ROG��	�'HVLJQ ��������������

*DUPDQ��(����������´&RRO�GDWD��TXDQWLW\�DQG�TXDOLW\�µ� $FWD�&U\VW��'���������������

*DUPDQ�� (�� )�� XQG� 7�� 5�� 6FKQHLGHU� �������� ´0DFURPROHFXODU� &U\RFU\VWDOORJUDSK\�µ� -�� $SSO�
&U\VW��������������

*HRUJH��*��1���%��+HGPDQ��HW�DO����������´$Q�HGJH�ZLWK�;$6�µ� 1DW��6WUXFW��%LRO� ����������

*HRUJH�� *�� 1��� ,�� 3LFNHULQJ�� HW� DO�� �������� ´$� 1RYHO� 3URWHLQ� %RXQG� &RSSHU�0RO\EGHQXP
&OXVWHU�µ�-��RI�$P�&KHP�6RF�

*HRUJLDGLV��0��0���+��.RPL\D��HW�DO����������´&U\VWDOORJUDSKLF�VWUXFWXUH�RI�WKH�QLWURJHQDVH� LURQ
SURWHLQ�IURP�$]RWREDFWHU�YLQHODQGLL�>VHH�FRPPHQWV@�µ� 6FLHQFH�������������������

*LDFRYD]]R�� &��� +�� /�� 0RQDFR�� HW� DO�� �������� )XQGDPHQWDOV� RI� &U\VWDOORJUDSK\ �� 2[IRUG�� 8.�
2[IRUG�8QLYHUVLW\�3UHVV�



/LWHUDWXUYHU]HLFKQLV ��

*ODG\VKHY�� 9�� 1��� -�� &�� %R\LQJWRQ�� HW� DO�� �������� ´&KDUDFWHUL]DWLRQ� RI� FU\VWDOOLQH� IRUPDWH
GHK\GURJHQDVH� +� IURP� (VFKHULFKLD� FROL�� 6WDELOL]DWLRQ�� (35� VSHFWURVFRS\�� DQG� SUHOLPLQDU\
FU\VWDOORJUDSKLF�DQDO\VLV�µ� -�%LRO��&KHP��������������������

*OXVNHU�� -�� 3��� 0�� /HZLV�� HW� DO�� �������� &U\VWDO� 6WUXFWXUH� DQDO\VLV� IRU� FKHPLVWV� DQG� ELRORJLVWV �
:HLQKHLP��*HUPDQ\��9&+�9HUODJVJHVHOOVFKDIW�*PE+�

*UHPHU�� /�� �������� .ULVWDOOVWUXNWXU� XQG� )XQNWLRQ� YRQ� .RKOHQPRQR[LG�'HK\GURJHQDVH� �� HLQ
6HOHQR�0RO\EGR�(LVHQ�6FKZHIHO�)ODYRSURWHLQ�� 'LVVHUWDWLRQ�� DP� /HKUVWXKO� I�U� 0LNURELRORJLH�
8QLYHUVLWlW�%D\UHXWK�

*UHPHU��/���6��.HOOQHU��HW�DO����������$�QHZ�W\SH�RI�IODYLQ�DGHQLQH�GLQXFOHRWLGH�ELQGLQJ�UHVROYHG
LQ� WKH� PRO\EGR� LURQ�VXOIXU�IODYRSURWHLQ� &DUERQ� 0RQR[LGH� 'HK\GURJHQDVH� IURP� 2OLJRWURSKD
FDEUR[LGRYRUDQV�� )ODYLQV� XQG� )ODYRSURWHLQV� ������ 3URFHHGLQJV� RI� WKH� WKLUWHHQWK� LQWHUQDWLRQDO
V\PSRVLXP� .RQVWDQ]�� *HUPDQ\ �� 6�� *KLVOD�� 3�� .URQHFN�� 3�� 0DFKHURX[� XQG� +�� 6XQG�� %HUOLQ�
$JHQF\�IRU�VFLHQWLILF�SXEOLFDWLRQV ����������

*UHPHU��/���6��.HOOQHU��HW�DO����������´%LQGLQJ�RI�)ODYLQ�$GHQLQH�'LQXFOHRWLGH�WR�0RO\EGHQXP�
&RQWDLQLQJ� &DUERQ� 0RQR[LGH� 'HK\GURJHQDVH� IURP� 2OLJRWURSKD� FDUER[LGRYRUDQV�µ� -�� %LRO�
&KHP��������������������

*UHPHU�� /�� XQG� 2�� 0H\HU� �������� ´&KDUDFWHUL]DWLRQ� RI� [DQWKLQH� GHK\GURJHQDVH� IURP� WKH
DQDHURELF� EDFWHULXP� 9HLOORQHOOD� DW\SLFD� DQG� LGHQWLILFDWLRQ� RI� D� PRO\EGRSWHULQ�F\WRVLQH�
GLQXFOHRWLGH�FRQWDLQLQJ�PRO\EGHQXP�FRIDFWRU�µ� (XU��-��%LRFKHP� ���������������

*XWWHULGJH��6���6��-��7DQQHU��HW�DO����������´&RPSDULVRQ�RI�WKH�PRO\EGHQXP�FHQWUHV�RI�QDWLYH�DQG
GHVXOIR�[DQWKLQH�R[LGDVH�µ� %LRFKHP��-���������������

+lQ]HOPDQQ��3���+��'REEHN��/��*UHPHU��5��+XEHU��2��0H\HU���������´7KH�(IIHFW�RI�,QWUDFHOOXODU
0RO\EGHQXP�LQ�+\GURJHQRSKDJD�SVHXGRIODYD�RQ�WKH�&U\VWDOORJUDSKLF�6WUXFWXUH�RI�WKH�6HOHQR�
0RO\EGR�,URQ�6XOIXU�)ODYRHQ]\PH�&DUERQ�0RQR[LGH�'HK\GURJHQDVH��µ� -��0RO��%LRO���������
����������

+lQ]HOPDQQ��3��XQG�2��0H\HU���������´(IIHFW�RI�PRO\EGDWH�XQG�WXQJVWDWH�RQ�WKH�ELRV\QWKHVLV�RI
&2�'HK\GURJHQDVH�DQG�WKH�PRO\EGRSWHULQ�F\WRVLQH�GLQXFOHRWLGH�W\SH�RI�PRO\EGHQXP�FRIDFWRU
LQ�+\GURJHQRSKDJD�SVHXGRIODYD�µ� (XU�-�%LRFKHP�����������������

+DUS�� -�� 0��� %�� /�� +DQVRQ�� HW� DO�� �������� ´0DFURPROHFXODU� FU\VWDO� DQQHDOLQJ�� HYDOXWDWLRQ� RI
WHFKQLTXHV�DQG�YDULDEOHV�µ�$FWD�&U\VW��'���������������

+HOOLZHOO��-��5����������%DVLF�3ULQFLSOHV�RI�$QRPDORXV�6FDWWHULQJ�XQG�0$'�� &&3��3URF�������

+LJXFKL��<���+��2JDWD��HW�DO����������´5HPRYDO�RI�WKH�EULGJLQJ�OLJDQG�DWRP�DW�WKH�1L�)H�DFWLYH�VLWH
RI� >1L)H@� K\GURJHQDVH� XSRQ� UHGXFWLRQ� ZLWK�+��� DV� UHYHDOHG� E\� [�UD\� VWUXFWXUH� DQDO\VLV� DW� ���
$QJV��UHVROXWLRQ�µ�6WUXFWXUH�)ROG��	�'HVLJQ ����������

+LOOH��5����������´7KH�PRQRQXFOHDU�PRO\EGHQXP�HQ]\PHV�µ� &KHP��5HY�������������������

+LOOH�� 5��� -�� 5HWH\�� HW� DO�� �������� ´0HFKDQLVWLF� DVSHFWV� RI� PRO\EGHQXP�FRQWDLQLQJ� HQ]\PHV�µ
)(06�0LFURELRO��5HY� ����������������



���

+RGHO��$���6��+��.LP��HW�DO����������´0RGHO�%LDV�LQ�0DFURPROHFXODU�&U\VWDOORJUDSK\�µ� $FWD�&U\VW�
$������������

+ROP�� /�� XQG� &�� 6DQGHU� �������� ´3URWHLQ� VWUXFWXUH� FRPSDULVRQ� E\� DOLJQPHQW� RI� GLVWDQFH
PDWULFHV�µ�-��0RO��%LRO�����������������

+RZHV��%��'���5��&��%UD\��HW�DO����������´(YLGHQFH�IDYRULQJ�PRO\EGHQXP�FDUERQ�ERQG�IRUPDWLRQ
LQ�[DQWKLQH�R[LGDVH�DFWLRQ����4��XQG���&�(1'25�XQG�NLQHWLF�VWXGLHV�µ� %LRFKHP��������������
���

+XEHU��5���3��+RI��HW�DO����������´$�VWUXFWXUH�EDVHG�FDWDO\WLF�PHFKDQLVP�IRU�WKH�[DQWKLQH�R[LGDVH
IDPLO\�RI�PRO\EGHQXP�HQ]\PHV�µ� 3URF��1DW��$FDG��6FLH��86$ �����������������

+XJKHV�� 5�� .��� %�� %HQQHWW�� HW� DO�� �������� ´;DQWKLQH� 'HK\GURJHQDVH� )URP� 'URVRSKLOD�
0HODQRJDVWHU� 3XULILFDWLRQ� DQG� 3URSHUWLHV� RI� WKH�:LOG�7\SH�(Q]\PH� XQG� RI� D�9DULDQW� /DFNLQJ
,URQ�6XOIXU�&HQWHUV�µ�%LRFKHP��������������������

+XJKHV�� 5�� .��� :�� $�� 'R\OH�� HW� DO�� �������� ´8VH� RI� 5RV\� 0XWDQW� 6WUDLQV� RI� 'URVRSKLOD�
0HODQRJDVWHU� WR� 3UREH� WKH� 6WUXFWXUH� DQG� )XQFWLRQ� RI� ;DQWKLQH�'HK\GURJHQDVH�µ� %LRFKHP�� -�
����������������

-DEUL��(���&DUU��0�%���+DXVLQJHU��5�3���.DUSOXV��3�$�����������7KH�FU\VWDO�VWUXFWXUH�RI�XUHDVH�IURP
.OHEVLHOOD�DHURJHQHV��� 6FLHQFH���������������

-RKQVRQ��0��.����������´,URQ�6XOIXU�3URWHLQV��1HZ�5ROHV�IRU�2OG�&OXVWHUV�µ� &XUU��2S��LQ�&KHP�
%LRO�������������

.DEVFK�� :�� XQG� &�� 6DQGHU� �������� ´'LFWLRQDU\� RI� SURWHLQ� VHFRQGDU\� VWUXFWXUH�� SDWWHUQ
UHFRJQLWLRQ�RI�K\GURJHQ�ERQGHG�DQG�JHRPHWULFDO�IHDWXUHV�µ� %LRSRO\PHUV���������������

.DLP��:��XQG�%��6FKZHGHUVNL��������� %LRDQRUJDQLVFKH�&KHPLH ��6WXWWJDUW��7HXEQHU�9HUODJ�

.LHIHUVDXHU��5���0��(��7KDQ�� HW� DO�� �������� ´$�QRYHO� IUHH�PRXQWLQJ� V\VWHP� IRU�SURWHLQ� FU\VWDOV�
WUDQVIRUPDWLRQ� DQG� LPSURYHPHQW� RI� GLIIUDFWLRQ� SRZHU� E\� DFFXUDWHO\� FRQWUROOHG� KXPLGLW\
FKDQJHV�µ�-��RI�$SSO��&U\VWDO� ���������������

.LP�� -��� '�� :RR�� HW� DO�� �������� ´;�UD\� FU\VWDO� VWUXFWXUH� RI� WKH� QLWURJHQDVH� PRO\EGHQXP�LURQ
SURWHLQ�IURP�&ORVWULGLXP�SDVWHXULDQXP�DW�����$�UHVROXWLRQ�µ� %LRFKHP������������������

.LVNHU��&���+�� 6FKLQGHOLQ�� HW� DO�� �������� ´0ROHFXODU�EDVLV�RI� VXOILWH�R[LGDVH� GHILFLHQF\� IURP� WKH
VWUXFWXUH�RI�VXOILWH�R[LGDVH�µ� &HOO���������������

.OH\ZHJW��*��XQG�7��$��-RQHV��������� 'DUHVEXU\�6WXG\�:HHNHQG�3URFHHGLQJV �

.OH\ZHJW��*��-����������´8VH�RI�QRQ�FU\VWDOORJUDSKLF�V\PPHWU\�LQ�SURWHLQ�VWUXFWXUH�UHILQHPHQW�µ
$FWD�&U\VW���'����������������

.OH\ZHJW��*��-��XQG�5��-��5HDG���������´1RW�\RXU�DYHUDJH�GHQVLW\�µ� 6WUXFWXUH��������������

.UDXW�� 0��� ,�� +XJHQGLHFN�� HW� DO�� �������� ´+RPRORJ\� DQG� GLVWULEXWLRQ� RI� &2�'HK\GURJHQDVH
VWUXFWXUDO�JHQHV�LQ�FDUER[\GRWURSKLF�EDFWHULD�µ� $UFK��RI�0LFURELRO� ����������������



/LWHUDWXUYHU]HLFKQLV ���

/D� )RUWHOOH�� (�� G��� -�� -�� ,UZLQ�� HW� DO�� �������� ´6+$53�� $� PD[LPXP�OLNHOLKRRG� KHDY\�DWRP
SDUDPHWHU�UHILQHPHQW�DQG�SKDVLQJ�SURJUDP�IRU�WKH�0,5�XQG�0$'�PHWKRGV�µ� &U\VW��&RPSXW� ���
����

/DP]LQ�� 9�� 6�� XQG� .�� 6�� :LOVRQ� �������� $XWRPDWHG� UHILQHPHQW� IRU� SURWHLQ� FU\VWDOORJUDSK\�
0DFURPROHFXODU� &U\VWDOORJUDSK\ �� &��:�� &DUWHU� XQG� 5��0�� 6ZHHW�� 1HZ�<RUN�� $FDGHPLF� 3UHVV�
0DFURPROHFXODU�&U\VWDOORJUDSK\ �9RO��������������

/DVNRZVNL�� 5�� $��� 0�� :�� 0DF$UWKXU�� HW� DO�� �������� ´352&+(&.�� D� SURJUDP� WR� FKHFN� WKH
VWHUHRFKHPLFDO�TXDOLW\�RI�SURWHLQ�VWUXFWXUHV�µ� -��$SSO��&U\VW��������������

/HVOLH��$��*��:����������5HFHQW�FKDQJHV�WR�WKH�026)/0�SDFNDJH�ISU�SURFHVVLQJ�ILOP�DQG�LPDJH
SODWH� GDWD�� &&3�� XQG�(6)�($&0%�1HZVOHWWHUV� RQ� 3URWHLQ� &U\VWDOORJUDSK\ �� $��*��:�� /HVOLH�
'DUHVEXU\��:DUULQJWRQ�8.�

/HVOLH�� $�� *��:�� �������� ´,QWHJUDWLRQ� RI� PDFURPROHFXODU� GLIIUDFWLRQ� GDWD�µ� $FWD� &U\VW�� '� ���
����������

/L��+��.���&��7HPSOH��HW�DO����������´7KH�����$QJV��&U\VWDO�6WUXFWXUH�RI�5KRGREDFWHU�VSKDHURLGHV
'LPHWK\O�6XOIR[LGH�5HGXFWDVH�5HYHDOV�7ZR�'LVWLQFW�0RO\EGHQXP�&RRUGLQDWLRQ�(QYLURQPHQWV�µ
-��RI�$P��&KHP��6RF�

/RULJDQ�� *�� $��� 5�� '�� %ULWW�� HW� DO�� �������� ´(OHFWURQ� VSLQ� PRGXODWLRQ� VSHFWURVFRS\� RI� WKH
PRO\EGHQXP�FHQWHU�RI�[DQWKLQH�R[LGDVH�µ� %LRFKLP��%LRSK\V��$FWD ���������������

/RZH��'�� -��� 5�� /�� 5LFKDUGV�� HW� DO�� �������� ´5ROH� RI�0R�&� ERQGV� LQ� [DQWKLQH� R[LGDVH� DFWLRQ�µ
%LRFKHP��6RF��7UDQV� ��������������

/XVFRPEH�� 1�� 0��� 5�� $�� /DVNRZVNL�� HW� DO�� �������� ´1HZ� 7RROV� DQG� 5HVRXUFHV� IRU� $QDO\VLQJ
3URWHLQ�6WUXFWXUHV�DQG�7KHLU�,QWHUDFWLRQ�µ� $FWD�&U\VW��'���������������

0DVVD��:����������.ULVWDOOVWUXNWXUEHVWLPPXQJ ��6WXWWJDUW��*HUPDQ\��7HXEQHU�

0DWWHYL��$���0��:��)UDDLMH��HW�DO����������´&U\VWDO�VWUXFWXUHV�DQG�LQKLELWRU�ELQGLQJ�LQ�WKH�RFWDPHULF
IODYRHQ]\PH� YDQLOO\O�DOFRKRO� R[LGDVH�� WKH� VKDSH� RI� WKH� DFWLYH�VLWH� FDYLW\� FRQWUROV� VXEVWUDWH
VSHFLILFLW\�µ�6WUXFWXUH��������������

0DWWKHZV��%��:����������´6ROYHQW�FRQWHQW�RI�SURWHLQ�FU\VWDOV�µ� -��0RO��%LRO��������������

0F$OSLQH��$��6���$��*��0F(ZDQ��HW�DO����������´0RO\EGHQXP�DFWLYH�FHQWUH�RI�'062�UHGXFWDVH
IURP�5KRGREDFWHU�FDSVXODWXV��FU\VWDO�VWUXFWXUH�RI�WKH�R[LGLVHG�HQ]\PH�DW������$QJV�� UHVROXWLRQ
DQG�WKH�GLWKLRQLWH�UHGXFHG�HQ]\PH�DW�����$QJV��UHVROXWLRQ�µ� -��%LRO��,QRUJ��&KHP� ������������

0F5HH��'��(����������3UDFWLFDO�3URWHLQ�&U\VWDOORJUDSK\ ��1HZ�<RUN��$FDGHPLF�3UHVV�

0HUULWW�� (�� $�� �������� ´([SDQGLQJ� WKH� PRGHO�� DQLVRWURSLF� GLVSODFHPHQW� SDUDPHWHUV� LQ� SURWHLQ
VWUXFWXUH�UHILQHPHQW�µ��$FWD�&U\VW��'���������������

0HVVHUVFKPLGW�� $�� �������� &RSSHU� 0HWDOORHQ]\PHV�� &RPSUHKHQVLYH� %LRORJLFDO� &DWDO\VLV �� 1HZ
<RUN��$FDGHPLF�3UHVV�



���

0H\HU�� 2�� �������� ´&KHPLFDO� DQG� VSHFWUDO� SURSHUWLHV� RI� FDUERQ� PRQR[LGH�� PHWK\OHQH� EOXH
R[LGRUHGXFWDVH�� 7KH� PRO\EGHQXP�FRQWDLQLQJ� LURQ�VXOIXU� IODYRSURWHLQ� IURP� 3VHXGRPRQDV
FDUER[\GRYRUDQV�µ� -��%LRO��&KHP������������������

0H\HU�� 2��� .�� )UXQ]NH�� HW� DO�� �������� ´8WLOL]DWLRQ� RI� &DUERQ� 0RQR[LGH� %\� $HUREHV� 5HFHQW
$GYDQFHV�µ� �WK� ,QWHUQDWLRQDO� 6\PSRVLXP� 2Q� 0LFURELDO� *URZWK� 2Q� &�� &RPSRXQGV�
*RHWWLQJHQ��:HVW�*HUPDQ\��$XJXVW ������������������

0H\HU�� 2��� .�� )UXQ]NH�� HW� DO�� �������� %LRFKHPLVWU\� RI� WKH� $HURELF� 8WLOL]DWLRQ� RI� &DUERQ
0RQR[LGH�� 0LFURELDO� *URZWK� RQ� &�� &RPSRXQGV �� -�� &�� 0XUUHOO� XQG� '�� 3�� .HOO\�� $QGRYHU�
,QWHUFHSW����������

0H\HU��2��XQG�.��9��5DMDJRSDODQ� �������� ´6HOHQLWH�ELQGLQJ� WR� FDUERQ�PRQR[LGH� R[LGDVH� IURP
3VHXGRPRQDV� FDUER[\GRYRUDQV�� 6HOHQLXP� ELQGV� FRYDOHQWO\� WR� WKH� SURWHLQ� DQG� DFWLYDWHV
VSHFLILFDOO\�WKH�&2�PHWK\OHQH�EOXH�UHDFWLRQ�µ� -��%LRO��&KHP�����������������

0H\HU��2��XQG�+��*��6FKOHJHO� ��������´5HLVRODWLRQ�RI� WKH� FDUERQ�PRQR[LGH�XWLOL]LQJ�K\GURJHQ
EDFWHULXP�3VHXGRPRQDV�FDUER[\GRYRUDQV��.LVWQHU��FRPE��QRY�µ� $UFK��0LFURELRO� ���������������

0H\HU�� 2�� XQG� +�� *�� 6FKOHJHO� �������� ´2[LGDWLRQ� RI� FDUERQ� PRQR[LGH� LQ� FHOO� H[WUDFWV� RI
3VHXGRPRQDV�FDUER[\GRYRUDQV�µ� -��%DFWHULRO����������������

0H\HU��2��XQG�+��*��6FKOHJHO���������´%LRORJ\�RI�DHURELF�FDUERQ�PRQR[LGH�R[LGL]LQJ�EDFWHULD�µ
$QQ��5HY��0LFURELRO� �������������

0LWFKHOO�� (�� 3�� XQG�(�� )��*DUPDQ� �������� ´)ODVK� IUHH]LQJ� RI� SURWHLQ� FU\VWDOV�� LQYHVWLJDWLRQ� RI
PRVDLF�VSUHDG�DQG�GLIIUDFWLRQ�OLPLW�ZLWK�YDULDWLRQ�RI�FU\RSURWHFWDQW�VROXWLRQ�µ� -���$SSO��&U\VW� ����
����������

0RHUVGRUI�� *��� .�� )UXQ]NH�� HW� DO�� �������� ´0LFURELDO� JURZWK� RQ� FDUERQ� PRQR[LGH�µ
%LRGHJUDGDWLRQ�������������

0R[OH\�� -��0�� XQG�.�� $�� 6PLWK� �������� ´)DFWRUV� $IIHFWLQJ� 8WLOLVDWLRQ� RI� $WPRVSKHULF� &R� %\
6RLOV�µ�6RLO�%LRORJ\�	�%LRFKHPLVWU\ ��������������

0XQDNDWD�� 0�� XQG� 6�� .LWDJDZD� �������� 7KH� &KHPLVWU\� RI� &RSSHU�,�� &RPSOH[HV� LQ� 6ROXWLRQ�
&RSSHU�&RRUGLQDWLRQ�&KHPLVWU\��%LRFKHPLFDO� XQG� ,QRUJDQLF�3HUVSHFWLYHV ��.��'��.DUOLQ� XQG� -�
=XELHWD��1HZ�<RUN��$GHQLQH�3UHVV ����������

0XUVKXGRY�� *�� 1��� $�� /HEHGHY�� HW� DO�� �������� ´(IILFLHQW� DQLVRWURSLF� UHILQHPHQW� RI
0DFURPROHFXODU�VWUXFWXUHV�XVLQJ�))7�µ� $FWD�&U\VW���'�������������

0XU]LQ��$��*���6��(��%UHQQHU��HW�DO����������´6&23��D�VWUXFWXUDO�FODVVLILFDWLRQ�RI�SURWHLQ�GDWDEDVH
IRU�WKH�LQYHVWLJDWLRQ�RI�VHTXHQFHV�XQG�VWUXFWXUHV�µ� -��0RO��%LRO���������������

1DYD]D�� -�� �������� ´$0R5H�� DQ� $XWRPDWHG� 3DFNDJH� IRU� 0ROHFXODU� 5HSODFHPHQW�µ� $FWD
&U\VWDOORJUDSKLFD�$�������������

1DYH��&����������´5DGLDWLRQ�'DPDJH�LQ�3URWHLQ�&U\VWDOORJUDSK\�µ� 5DGLDWLRQ�3K\VLFV�	�&KHPLVWU\�
���������������



/LWHUDWXUYHU]HLFKQLV ���

1LVKLQR�� 7�� XQG� 7�� 1LVKLQR� �������� ´(YLGHQFH� IRU� WKH� ([LVWHQFH� RI� D� 7\URV\O� 5HVLGXH� LQ
1LFRWLQDPLGH�$GHQLQH�'LQXFOHRWLGH�%LQGLQJ� 6LWH� RI�&KLFNHQ�/LYHU�;DQWKLQH�'HK\GURJHQDVH�µ
%LRFKHP����������������

1LVKLQR��7���/��0��6FKRSIHU�� HW� DO�� �������� ´5HDFWLYLW\�RI� FKLFNHQ� OLYHU� [DQWKLQH�GHK\GURJHQDVH
FRQWDLQLQJ�PRGLILHG�IODYLQV�µ� -��%LRO��&KHP�������������������

1RRGOHPDQ��/���-��1RUPDQ��-�*���HW�DO����������´0RGHOV�IRU�)HUUHGR[LQV��(OHFWURQLF�6WUXFWXUHV�RI
,URQ�6XOIXU�&OXVWHUV�ZLWK�2QH��7ZR��DQG�)RXU�,URQ�$WRPV�µ� -��$P��&KHP��6RF� ����������������

2
'HOO�%R\G��/����������´7KH�FRQFHSW�RI�WUDFH�HOHPHQW�DQWDJRQLVP��7KH�&X�0R�6�WULDQJOH��'LFN�
�����������µ�-RXUQDO�RI�1XWULWLRQ �������6833/�������6�����6�

2K��%��<����������´$�3UREH�0ROHFXOH�&RPSRVHG�RI�6HYHQWHHQ�3HUFHQW�RI�7RWDO�'LIIUDFWLQ�0DWWHU
*LYHV�&RUUHFW�6ROXWLRQV�LQ�0ROHFXODU�5HSODFHPHQW�µ� $FWD�&U\VW��'�������������

2WZLQRZVNL�� =�� XQG� :�� 0LQRU� �������� ´3URFHVVLQJ� RI� ;�UD\� GLIIUDFWLRQ� GDWD� FROOHFWHG� LQ
RVFLOODWLRQ�PRGH�µ�0HWKRGV�LQ�(Q]\PRORJ\ ��������������

3DVTXDOL��0�� XQG�&�� )ORULDQL� �������� &RSSHU�,��&DUERQ�0RQR[LGH� &KHPLVWU\�� 5HFHQW� $GYDQFH
DQG�3HUVSHFWLYHV�� &RSSHU�&RRUGLQDWLRQ�&KHPLVWU\��%LRFKHPLFDO�XQG�,QRUJDQLF�3HUVSHFWLYHV ��.�
'��.DUOLQ�XQG�-��=XELHWD��*XLOGHUODQG��$GHQLQH�3UHVV ����������

3HWHUV��-��:����������´6WUXFWXUH�DQG�PHFKDQLVP�RI�LURQ�RQO\�K\GURJHQDVHV�µ� &XUU��2S��LQ�6WUXFW�
%LRO�������������

3HWHUV��-��:���:��1��/DQ]LORWWD��HW�DO����������´;�UD\�FU\VWDO�VWUXFWXUH�RI�WKH�)H�RQO\�K\GURJHQDVH
�&S,�� IURP� &ORVWULGLXP� SDVWHXULDQXP� WR� ���� DQJVWURP� UHVROXWLRQ� >SXEOLVKHG� HUUDWD� DSSHDU� LQ
6FLHQFH������-DQ����������������DQG������0DU������������������@�µ� 6FLHQFH�������������������

5DJVGDOH�� 6�� :�� DQG� 0�� .XPDU� �������� ´1LFNHO�&RQWDLQLQJ� &DUERQ� 0RQR[LGH
'HK\GURJHQDVH�$FHW\O�&R$�6\QWKDVH�µ� &KHP��5HY���������������

5DSSH��$��.��XQG�:��$��*RGGDUG�,,,���������´%LYDOHQW�VSHFWDWRU�R[R�ERQGV�RQ�PHWDWKHVLV�DQG
HSR[LGDWLRQ�DONHQHV�µ�1DWXUH��������������

5HEHOR�� -��� 6�� 0DFLHUD�� HW� DO�� �������� ´*HQH� 6HTXHQFH� DQG� &U\VWDO� 6WUXFWXUH� RI� WKH� $OGHK\GH
2[LGRUHGXFWDVH�IURP�'HVXOIRYLEULR�GHVXOIXULFDQV�$7&&�������µ� -��0RO��%LRO���������������

5LEEH��0���'��*DGNDUL��HW�DO����������´1��IL[DWLRQ�E\�6WUHSWRP\FHV�WKHUPRDXWRWURSKLFXV�LQYROYHV
D� PRO\EGHQXP�GLQLWURJHQDVH� DQG� D� PDQJDQHVH�VXSHUR[LGH� R[LGRUHGXFWDVH� WKDW� FRXSOH� 1�
UHGXFWLRQ� WR� WKH� R[LGDWLRQ� RI� VXSHUR[LGH� SURGXFHG� IURP� 2�� E\� D� PRO\EGHQXP�&2�
'HK\GURJHQDVH�µ�-��%LRO��&KHP��������������������

5RGJHUV��'��:����������´&U\RFU\VWDOORJUDSK\�µ� 6WUXFWXUH���������������

5RKGH�� 0��� )�� 0D\HU�� HW� DO�� �������� ´,PPXQRF\WRFKHPLFDO� ORFDOL]DWLRQ� RI� FDUERQ� PRQR[LGH
R[LGDVH� LQ� 3VHXGRPRQDV� FDUER[\GRYRUDQV�� 7KH� HQ]\PH� LV� DWWDFKHG� WR� WKH� LQQHU� DVSHFW� RI� WKH
F\WRSODVPLF�PHPEUDQH�µ� -��%LRO��&KHP��������������������

5RPDR��0��-���0��$UFKHU��HW�DO����������´&U\VWDO�VWUXFWXUH�RI�WKH�[DQWKLQH�R[LGDVH�UHODWHG�DOGHK\GH
R[LGR�UHGXFWDVH�IURP�'��JLJDV�µ� 6FLHQFH�������������������



���

5RPDR��0�� -���%��$��%DUDWD�� HW� DO�� ��������´6XEXQLW� FRPSRVLWLRQ�� FU\VWDOOL]DWLRQ�DQG�SUHOLPLQDU\
FU\VWDOORJUDSKLF� VWXGLHV� RI� WKH� 'HVXOIRYLEULR� JLJDV� DOGHK\GH� R[LGRUHGXFWDVH� FRQWDLQLQJ
PRO\EGHQXP�XQG�>�)H��6@�FHQWHUV�µ� (��-��%LRFKHP�����������������

5RPDR��0�� -���1��5|VFK�� HW� DO�� �������� ´7KH�PRO\EGHQXP� VLWH� LQ� WKH� [DQWKLQH� R[LGDVH�UHODWHG
DOGHK\GH� R[LGRUHGXFWDVH� IURP�'HVXOIRYLEULR� JLJDV� DQG� D� FDWDO\WLF�PHFKDQLVP� IRU� WKLV� FODVV� RI
HQ]\PHV�µ�-�%LRO��,QRUJ��&KHP� ������������

5RVVPDQQ�� 0�� *�� �������� ´$E� LQLWLR� SKDVH� GHWHUPLQDWLRQ� DQG� SKDVH� H[WHQVLRQ� XVLQJ� QRQ�
FU\VWDOORJUDSKLF�V\PPHWU\�µ� &XUU��2S��6WUXFW��%LRO� ������������

5RVVPDQQ��0��*��XQG�&��*��YDQ�%HHN���������´'DWD�SURFHVVLQJ�µ� $FWD�&U\VW��'���������������

6DP\JLQD��9�� 5��� 6��9��$QWRQ\XN�� HW� DO�� �������� ´,PSURYLQJ� WKH�;�UD\� UHVROXWLRQ� E\� UHYHUVLEOH
IODVK�FROOLQJ�ZLWK�FRQFHQWUDWLRQ�VFUHHQLQJ��DV�H[HPSOLILHG�ZLWK�33DVH�µ� $FWD�&U\VW�'�������������

6DQKXH]D��(���<��'RQJ��HW�DO����������´&DUERQ�0RQR[LGH�8SWDNH�%\�7HPSHUDWH�)RUHVW�6RLOV���WKH
(IIHFWV�RI�/HDYHV�DQG�+XPXV�/D\HUV�µ� 7HOOXV�6HULHV�%�&KHPLFDO�	�3K\VLFDO�0HWHRURORJ\ � ������
������

6DQWLDJR��%��XQG�2��0H\HU���������´3XULILFDWLRQ�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�WKH�+��XSWDNH
PHPEUDQH�ERXQG� 1L)H�K\GURJHQDVH� IURP� WKH� FDUER[LGRWURSKLF� EDFWHULXP� 2OLJRWURSKD
FDUER[LGRYRUDQV�µ� -��%DFW�������������������

6DQWLDJR�� %��� 8�� 6FKXEHO�� HW� DO�� �������� ´6HTXHQFH� DQDO\VLV�� FKDUDFWHUL]DWLRQ� DQG� &2�VSHFLILF
WUDQVFULSWLRQ� RI� WKH� FR[� JHQH� FOXVWHU� RQ� WKH� PHJDSODVPLG� S+&*�� RI� 2OLJRWURSKD
FDUER[LGRYRUDQV�µ�*HQH����������������

6FKLQGHOLQ�� +��� &�� .LVNHU�� HW� DO�� �������� ´&U\VWDO� VWUXFWXUH� RI� '062� UHGXFWDVH�� UHGR[�OLQNHG
FKDQJHV�LQ�PRO\EGRSWHULQ�FRRUGLQDWLRQ�>VHH�FRPPHQWV@�µ� 6FLHQFH��������������������

6FKLQGHOLQ�� +��� &�� .LVNHU�� HW� DO�� �������� ´7KH� PRO\EGHQXP�FRIDFWRU�� D� FU\VWDOORJUDSKLF
SHUVSHFWLYH�µ�-��%LRO��,QRUJ��&KHP������������

6FKLQGHOLQ�� +��� &�� .LVNHU�� HW� DO�� �������� ´6WUXFWXUH� RI� $'3� [� $,)�����VWDELOL]HG� QLWURJHQDVH
FRPSOH[�DQG�LWV�LPSOLFDWLRQV�IRU�VLJQDO�WUDQVGXFWLRQ�µ� 1DWXUH������������������

6FKQHLGHU�� )��� -�� /|ZH�� HW� DO�� �������� ´&U\VWDO� 6WUXFWXUH� RI�'LPHWK\O� 6XOIR[LGH�5HGXFWDVH� IURP
5KRGREDFWHU�FDSVXODWXV�DW������$QJV��5HVROXWLRQ�µ� -��0RO��%LRO�������������

6FKUlGHU�� 7��� $�� 5LHQK|IHU�� HW� DO�� �������� ´6HOHQLXP�FRQWDLQLQJ� [DQWKLQH� GHK\GURJHQDVH� IURP
(XEDFWHULXP�EDUNHUL�µ�(XU��-��%LRFKHP��������������

6FK�EHO�� 8��� 0�� .UDXW�� HW� DO�� �������� ´0ROHFXODU� FKDUDFWHUL]DWLRQ� RI� WKH� JHQH� FOXVWHU� FR[06/
HQFRGLQJ� WKH� PRO\EGHQXP�FRQWDLQLQJ� FDUERQ� PRQR[LGH� GHK\GURJHQDVH� RI� 2OLJRWURSKD
FDUER[LGRYRUDQV�µ� -��%DFW�������������������

6FKXO]��*�(�����������%LQGLQJ�RI�QXFOHRWLGHV�E\�SURWHLQV��� &XUU��2S��6WUXFW��%LRO� ����������



/LWHUDWXUYHU]HLFKQLV ���

6HOI��:��7��XQG�7��&��6WDGWPDQ���������´6HOHQLXP�GHSHQGHQW�PHWDEROLVP�RI�SXULQHV��$�VHOHQLXP�
GHSHQGHQW� SXULQH� K\GUR[\ODVH� DQG� [DQWKLQH� GHK\GURJHQDVH� ZHUH� SXULILHG� IURP� &ORVWULGLXP
SXULQRO\WLFXP�XQG�FKDUDFWHUL]HG�µ� 3URF��1DW��$FDG��6RF� ���������������

6KHOGULFN��*��0��XQG�7��5��6FKQHLGHU���������´6+(/;/��KLJK�UHVROXWLRQ�UHILQHPHQW�µ� 0HWKRGV�LQ
(Q]\PRORJ\��������������

6OLZNRZVNL��0��;��XQG�7��&��6WDGWPDQ���������´,QFRUSRUDWLRQ�DQG�GLVWULEXWLRQ�RI�VHOHQLXP�LQWR
WKLRODVH�IURP�&ORVWULGLXP�NOX\YHUL�µ� -��%LRO��&KHP�����������������

6PLWK�� -��/�� �������� 0XOWLZDYHOHQJWK�$QRPDORXV�'LIIUDFWLRQ� LQ�0DFURPROHFXODU�&U\VWDOOJUDSK\ �
&&3��3URFHHGLQJV�

6WHSKHQV��3�� -���'��5�� -ROOLH�� HW� DO�� �������� ´3URWHLQ�&RQWURO� RI�5HGR[�3RWHQWLDOV� RI� ,URQ�6XOIXU
3URWHLQV�µ�&KHP��5HY����������������

6WLFKW�� +�� XQG� 3�� 5RHVFK� �������� ´7KH� VWUXFWXUH� RI� LURQ�VXOIXU� SURWHLQV�µ� 3URJUHVV� LQ
%LRSK\VLFV	0ROHFXODU�%LRORJ\ ������������

6WLHIHO��(��,����������´&KHPLFDO�NH\V�WR�PRO\EGHQXP�HQ]\PHV�µ� -�&KHP�6RF��'DOWRQ�7UDQV� �������
�����

6WRXW�� *��+�� XQG� /�� +�� -HQVHQ� �������� ;�UD\� VWUXFWXUH� GHWHUPLQDWLRQ �� 1HZ� <RUN�� 86$�� -RKQ
:LOH\�	�6RQV�

7RQJ��/��XQG�0��*��5RVVPDQ���������´7KH�ORFNHG�URWDWLRQ�IXQFWLRQ�µ� $FWD�&U\VW��$ �������������

7VXNLKDUD�� 7��� +�� $R\DPD�� HW� DO�� �������� ´7KH� ZKROH� VWUXFWXUH� RI� WKH� ���VXEXQLW� R[LGL]HG
F\WRFKURPH�F�R[LGDVH�DW�����$�>VHH�FRPPHQWV@�µ� 6FLHQFH��������������������

7XUN��'����������:HLWHUHQWZLFNOXQJ�HLQHV�3URJUDPPV�I�U�0ROHN�OJUDSKLN�XQG�(OHNWURQHQGLFKWH�
0DQLSXODWLRQ� XQG� VHLQH�$QZHQGXQJ� DXI� YHUVFKLHGHQH� 3URWHLQ�6WUXNWXUDXINOlUXQJHQ��0�QFKHQ�
78�0�QFKHQ�

7XUNHQEHUJ��-��3��XQG�(��-��'RGVRQ���������´0RGHUQ�GHYHORSPHQWV� LQ�PROHFXODU�UHSODFHPHQW�µ
&XUU��2S��6WUXFW��%LRO ������������

9ROEHGD��$���0��+��&KDURQ��HW�DO����������´&U\VWDO�VWUXFWXUH�RI�WKH�QLFNHO�LURQ�K\GURJHQDVH�IURP
'HVXOIRYLEULR�JLJDV�>VHH�FRPPHQWV@�µ� 1DWXUH������������������

<RXQJ��&��*����������´0RGHOV�)RU�WKH�0RO\EGHQXP�+\GUR[\ODVHV�µ� -��%LRO�� ,QRUJ��&KHP� � �����
��������

<RXQJ�� &�� *�� XQG� $�� *��:HGG� �������� 0RGHOV� RI� 3WHULQ�&RQWDLQLQJ� 0RO\EGHQXP� (Q]\PHV�
0RO\EGHQXP�(Q]\PHV��&RIDFWRUV��XQG�0RGHO�6\VWHPV ��$PHU��&KHP��6RF�

=XEHUE�KOHU��$��'����������&RSSHU�,���'LR[\JHQ��DQG�&DWDO\VLV�� &RSSHU�&RRUGLQDWLRQ�&KHPLVWU\�
%LRFKHPLFDO�XQG�,QRUJDQLF�3HUVSHFWLYHV ��.��'��.DUOLQ�XQG�-��=XELHWD��1HZ�<RUN��$GHQLQH�3UHVV �
��������
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%� 9HU]HLFKQLV�GHU�$EELOGXQJHQ
$EELOGXQJ �� 0RO\EGRHQ]\PH�
$EELOGXQJ �� 'LH GUHL +DXSWIDPLOLHQ GHU HLQNHUQLJHQ 0RO\EGRSURWHLQH � Q� �+LOOH �������
$EELOGXQJ �� 6WUXNWXU GHV 0R�JHEXQGHQHQ 0RO\EGRSWHULQ�.RIDNWRUV�
$EELOGXQJ �� .ODVVLVFKH .XSIHU]HQWUHQ �QDFK �.DLP XQG 6FKZHGHUVNL �������
$EELOGXQJ �� >�)H��6@�=HQWUXP�
$EELOGXQJ �� 'HU (LVHQ�0RO\EGlQ�.RIDNWRU GHU 1LWURJHQDVH DXV $]RWREDFWHU YLQHODQGLL �.LP� :RR HW DO� ������
$EELOGXQJ �� 'LH DNWLYHQ =HQWUHQ GHU EHNDQQWHQ PHWDOOKDOWLJHQ +\GURJHQDVHQ �QDFK �3HWHUV �������
$EELOGXQJ �� 9HUODXI GHU .ULVWDOOWUDQVIRUPDWLRQ�
$EELOGXQJ �� $EVDXJ� XQG 0HVVHLQUHLFKWXQJ�
$EELOGXQJ ��� 3ORW GHU 6HOEVWURWDWLRQVIXQNWLRQ YRQ 2� FDUER[LGRYRUDQV &2�'HK\GURJHQDVH�
$EELOGXQJ ��� 6XFKPRGHOO I�U GLH 3DWWHUVRQVXFKH�
$EELOGXQJ ��� 9HUZHQGXQJ XQG 9HUEHVVHUXQJ GHU HUKDOWHQHQ 3KDVHQVlW]H ZLGHUJHVSLHJHOW DQ EHUHFKQHWHQ
)RXULHUV\QWKHVHQ LQ GHU 8PJHEXQJ GHV )01�$QWHLOV GHV )$'�
$EELOGXQJ ��� 'LH 0RO\EGlQ�/DJH GHU /�8QWHUHLQKHLW�
$EELOGXQJ ��� %HUHFKQHWH .�$EVRUSWLRQVNDQWHQ XQG I¶¶�:HUWH I�U GLH DQRPDOHQ 6WUHXHU GHU &2�'HK\GURJHQDVH
�0R� )H� 6H� &X��
$EELOGXQJ ��� )OXRUHV]HQ]�6FDQ �������� c� DQ HLQHP JHIURUHQHQ &2�'HK\GURJHQDVH .ULVWDOO�
$EELOGXQJ ��� $QRPDOH 'LIIHUHQ]�)RXULHUV\QWKHVHQ DP DNWLYHQ =HQWUXP �&X�.DQWH��
$EELOGXQJ ��� $QRPDOH 'LIIHUHQ]�)RXULHUV\QWKHVHQ DP DNWLYHQ =HQWUXP �6H�.DQWH��
$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV &2�'HK\GURJHQDVH 'LPHUV�
$EELOGXQJ ��� $XIEDX GHV &2�'HK\GURJHQDVH�0RQRPHUV�
$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV (LVHQ�6FKZHIHO�3URWHLQV GHU &2�'HK\GURJHQDVH� GLH 6�8QWHUHLQKHLW�
$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU 6�8QWHUHLQKHLW�
$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHV 0RO\EGRSURWHLQV �/�8QWHUHLQKHLW��
$EELOGXQJ ��� ,QWHUDNWLRQHQ GHV 0&'�.RIDNWRUV PLW GHU /� XQG 6�8QWHUHLQKHLW�
$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU /�8QWHUHLQKHLW�
$EELOGXQJ ��� 'LH 6WUXNWXU GHU 0�8QWHUHLQKHLW�
$EELOGXQJ ��� 6HTXHQ]YHUJOHLFK GHU 0R�+\GUR[\ODVH�)ODYRSURWHLQH�



$QKDQJ ���

$EELOGXQJ ��� 7RSRORJLHGLDJUDPP GHU 0�8QWHUHLQKHLW�
$EELOGXQJ ��� 'HU ]ZHLNHUQLJH >&X0R@�&OXVWHU� GDV DNWLYH =HQWUXP GHU &2�'HK\GURJHQDVHQ�
$EELOGXQJ ��� %lQGHUGDUVWHOOXQJ GHU )DOWXQJ GHU /�8QWHUHLQKHLW GHU &2�'HK\GURJHQDVH YRQ +� SVHXGRIODYD�
$EELOGXQJ ��� hEHUODJHUXQJ GHU DNWLYHQ =HQWUHQ YRQ 0RSOXV �JU�Q� XQG 0RPLQXV �URW� +� SVHXGRIODYD &2�
'HK\GURJHQDVH�
$EELOGXQJ ��� 2EHUIOlFKHQGDUVWHOOXQJ GHV +RKOUDXPV XP GHQ 0&'�.RIDNWRU�
$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV >&X0R@�=HQWUXPV LQ GHU R[LGLHUWHQ )RUP�
$EELOGXQJ ��� 'DUVWHOOXQJ GHV R[LGLHUWHQ DNWLYHQ =HQWUXPV�
$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV >&X0R@�=HQWUXPV QDFK GHU %LQGXQJ YRQ Q%,&�
$EELOGXQJ ��� 'DUVWHOOXQJ GHV DNWLYHQ =HQWUXPV� QDFK %LQGXQJ YRQ Q%,&�
$EELOGXQJ ��� 'DV DNWLYH =HQWUXP QDFK 5HGXNWLRQ PLW &2� +� RGHU 'LWKLRQLW�
$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV DNWLYHQ =HQWUXPV QDFK ,QDNWLYLHUXQJ PLW &1��
$EELOGXQJ ��� 'DV DNWLYH =HQWUXP GHU &1� LQDNWLYLHUWHQ &2�'HK\GURJHQDVH�
$EELOGXQJ ��� 1LFKW�SODQDUHU XQG SODQDUHU >)H�6�@���&RUH GHU EHLGHQ (65�VSHNWURVNRSLVFKHQ $UWHQ YRQ >�)H��6@�
=HQWUHQ LQ &2�'HK\GURJHQDVH�
$EELOGXQJ ��� 9HUJOHLFK GHU 'LVWDQ]HQ GHV R[LGLHUWHQ XQG UHGX]LHUWHQ 7\S�, XQG 7\S�,, >�)H��6@�&OXVWHU�
$EELOGXQJ ��� 2[LGLHUWHV XQG UHGX]LHUWHV )ODYLQ�
$EELOGXQJ ��� 6WDELOLVLHUXQJ GHU DQLRQLVFKHQ )RUP GHV ,VRDOOR[D]LQULQJHV �1��&� 2� *UXSSLHUXQJ� GXUFK GLH
SRVLWLYH 7HLOODGXQJ GHV 1�7HUPLQXV HLQHU +HOL[�
$EELOGXQJ ��� 2[LGLHUWHU�5HGX]LHUWHU ,VRDOOR[D]LQULQJ LQ 2� FDUER[LGRYRUDQV �OLQNV� XQG +� SVHXGRIODYD �UHFKWV� &2�
'HK\GURJHQDVH 0�8QWHUHLQKHLW�
$EELOGXQJ ��� $Q]DKO GHU DWRPDU DXIJHO|VWHQ 6WUXNWXUHQ LQ GHU 3'% �6WDQG� �� 6HSWHPEHU ������
$EELOGXQJ ��� )RXULHUUHLKHQDEEUXFK (IIHNWH LQ GHU 1lKH GHV 0R�,RQV�
$EELOGXQJ ��� (LQIOX� GHU $XIO|VXQJ GHU 'DWHQ DXI HLQH �)R�)F )RXULHUV\QWKHVH�
$EELOGXQJ ��� 9HUJOHLFK GHV &2�'HK\GURJHQDVH 0RQRPHUV PLW GHU PRQRPHUHQ 0RS�6WUXNWXU YRQ '� JLJDV�
$EELOGXQJ ��� 'HU YHUELQGHQGH /RRS LQ 0RS�
$EELOGXQJ ��� 9HUJOHLFK GHU 'LPHUVWUXNWXUHQ YRQ 0RS XQG &2�'HK\GURJHQDVH�
$EELOGXQJ ��� hEHUODJHUXQJ GHU 6� XQG /�8QWHUHLQKHLW PLW GHQ NRUUHVSRQGLHUHQGHQ %HUHLFKHQ YRQ 0RS �5RPDR�
$UFKHU HW DO� ������
$EELOGXQJ ��� 9HUJOHLFK GHU DNWLYHQ =HQWUHQ YRQ 0RS �OLQNV� XQG &2�'HK\GURJHQDVH �UHFKWV��
$EELOGXQJ ��� 9HUJOHLFK GHU KRPRORJ VWUXNWXULHUWHQ )ODYRSURWHLQH GHU 9DQLOO\O�$ONRKRO�2[LGDVH�)DPLOLH �9$2 XQG
0XU%� XQG GHU 0�8QWHUHLQKHLW GHU &2�'HK\GURJHQDVH�
$EELOGXQJ ��� /RNDOLVLHUXQJ GHU 1$'��%LQGHVWHOOH LQ ;DQWKLQ�'HK\GURJHQDVHQ�
$EELOGXQJ ��� 9HU]HUUW WHWUDHGULVFKH *HRPHWULH GHU 0R�/LJDQGHQ LQ GHU 0RO\EGlQ�+\GUR[\ODVH�)DPLOLH�
$EELOGXQJ ��� /LJDQGHQJHRPHWULH GHU 6XOILW 2[LGDVH �.LVNHU� 6FKLQGHOLQ HW DO� ������
$EELOGXQJ ��� .RRUGLQDWLRQVJHRPHWULH LQ GHU '062�5HGXNWDVH )DPLOLH�
$EELOGXQJ ��� .DWDO\WLVFKHU =\NOXV GHU &2 2[LGDWLRQ�
$EELOGXQJ ��� +\SRWKHWLVFKHU 5HDNWLRQVPHFKDQLVPXV I�U GLH 2[LGDWLRQ YRQ &2�
$EELOGXQJ ��� +\SRWKHWLVFKHU 5HDNWLRQVPHFKDQLVPXV I�U GLH KHWHURO\WLVFKH +��6SDOWXQJ XQG �2[LGDWLRQ�


